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INTRODUCTORY CHAPTER. 


THE PROPERTIES OP STEAM. 



^EFORE entering upon the consideration of the historical 
and mechanical details of tite steam-engine, 
it will Iw necessary to explain as briefly as 
possible the nature and properties of steam. 
It is but just, however, to state, that the new 
theory of hmt^ now being submitted to the 
test of experiment, will modify very much the 
theory of the steam-engine. Until tlie new 
views, however, have l>een conclusively af- 
firmed, it would be premature here to sjieoify 
I them ; we shall therefore confine ourselves to a statement of the tlieory 
I of the steam-engiue as generally r<*ceived. 

When a quantity of water is heated until it arrives at a certain fixed 
temperature, an clastic fluid aiiueous vajxmr is evolved ; this is called 
•team, and resembles in many of its properties common mr. Like air,. it 
is elastic, capable of being reduced in bulk by compression; the pressure 
which it exerts in the vessel into which it is compressed being exactly in 
ppcqxirtion to the amount of compression. (Bee volume on Natural Philo* 
•opkl/ in this series.) Like air, steam is also capable of an increase of 
<roiti]tte or bulk ; this expansion reducing the pressure on the vessel in 
wbicb it is allowed to expand just in proportion to the amount of expan* 
The flffi pn^peity of steam now mentioned is termed its 
^ second its ; altlioogh, having these properties in oosnmem 

srith fluid gases, steam is diWangoished by the term of aqueous Tapottr, 
liMSiititch as it diflers flrom a gas, which retains permanently its i^ueons 
l^iidhion under ofdlnaiy while steam requires to be kept 
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ft nnifonii tempemture, otherwise it chsoges its condition, and returns 
its odginsl form of liquid. This property, by which steam is readily 
verted into water, is of immense importance ; by virtue of this proper^ 
the power of steam is made available in what are termed condensing en« 
gines, and odhrs the readiest means of forming a vacuum iu the cylinder^ 
into which comparatively little force is required to press the piston. 

When a quantity of water is placed in a boiler, and beat applied to it, 
a circulation of the particlt*8 of water immediately commences ; those 
nearest the bottom, receiving a certain quantity of beat, expand and rise 
upwards ; the colder portion taking their place, and becoming heated in 
their turn, rise; small air-bubbles become formed at the bottom after ttie 
above process has gone on for a certain time ; these bubbles contain aque* 
ous vapour ; these rise upwards, and on coming in contact with the colder 
portions above, are cooled or condensed, and give out their heat to the 
surrounding particles. This process continues until the whole mass be- 
comes of a uniform heat, and a fixed temperature has been arrived at 
After tliis, however long the heat might be applied to the boiler, the water 
would not increase in temperature ; but the rising of the steam-bubblei 
would become so rapid that the whole mass would be in a state of agita-^ 
tion, and a vapour would be evolved in large quantities ; this vapour, aft 
before stated, is steam, and is invisible, like common air. The fixed tem4 
perature already alluded to is what is termed the boilifig point. Under thrf 
ordinary atmospheric pressure at tlie level of the sea, the boUing-point o| 
frissh water is 212® Fahreulieit, that of salt water being somewhat higher^ 
or about 218*2®: in the generation of steam of a high pressure the boiling'^ 
point varies, increasing in proportion to the pressure. Witli a pressure o^ 

16 lbs. to tlm sejuare inch, the temperature at which the water boils ia 
216*8®; at 18 lbs. to the inch, 222*7®; at 201ba, 226*4®; at 25 lbs. j 
SIO-S**; lit 301b8., 251-4°; at 351bs., 260-6°; at 40 IIm. to the aqaanj 
indi, 268-8°; at hOlba., 282-7°; at 551bi., 288-8°. When ateaa 
genented under a preaaare of 151ba. to the aquare inch, it if termed^' '’l 
** Steam of one atmosphere f when generated at 80 and 45 Iba. to the 
inch, it Is smd to be of the pressure of steam oi two and three 

Oiw of the meet striking pecuHaritiet of steam is the enoarmous i 
of its bulk, as otanpared with that of the water from width it is 
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The proiKurtion ioorease will be best remembered by the eUtement, that 
imdbr the ordinaiy pressure of the atmoepherei or 15 lbs. to the square 
inch, a cubic inch of water will produce a cubic fiK>t of steam; and as there 
are 1728 cubic inches in a foot, the increase of volume of steam is 1728 
times. Under an increase of pressure the volume of steam is diminished: 
under a pressure of 50 lbs. the volume is only one-half ; taking the rela- 
tive volume of steam** raised at a pressure of 15 lbs. at 1668, steam at 
20 lbs. would have a volume of 1281 ; at 25 lbs., of 1047 ; of SOlbs., or 
doable the ordinary pressure, of 882 ; at 35 lbs., 766 ; at 40 lbS| 678 ; at 
45 lbs., 609; and at a pressure of 50 lbs. steam would have the relative 
volume 554. We have before stated, that steam is eapable of being re^ 
duced from a state of vapour by being reduced in temperature ; this tem- 
perature is always the same as tliat of the water fVom which it is raised* 
By gradually reducing the temperature of steam the vapour will be con- 
densed, and be reconverted into water : a cubic foot of steam under the 
ordinary pressure occupying the space of about a cubic inch of water. 

In raising eleaih, a large amount of caloric is absorbed which is not 
observable by the thermometer ; tliis is termed ** latent heat.** By this is 
meant the amount of heat required to evaporate a given quantity of water 
compared with that necessary to bring the water to the boiling-point Thus 
it is found that to evaporate a certain qtiantity of water into steam at 212% 
it will take 5^ limes as much heat as would raise the water from 52^, or 
the friiezing-point, to 212**, the ordinary boiling-point ; this excess of ca- 
lofk, however, is not indicated by the thermometer, — hence the term lateni 
kmU, The latent heat of steam is generally reckonixl at 1000^, the temp^ 
vature of Uie steam being 212^; the sum thei«fore of the sensible heat, 
that is, the temperature iadicat4xl by the thermometer, 212^, and the latent 
heal 1000® , it equal to 1212®. The total amount of the indicated and latent 
heal at all temperatures is a constant sum thus if the pressure is in- 
creased at which the steam is raised, so as to give a temperattire of 800% 
the latent heat is 912®; if 500®, 712®, and so on. It is from thu proper^fr 
of steam that so inindi fuel is expended in raisisig it. The mechanical 
wBSaet produced by the evaporation of a cubic inch water is generally 
e a lc ola ted as being toffieiefit to raise a ton weight one loot high ;** from 
ihiSi howevwr, is to be deducted loss frmn friction and other causes. In 
0m body of the work will be Iband exemplifications of the feepertks of 
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iteanii and of tlie dufy and the power of steam-engines ; we Uierefore hasten 
to the condderadon of the general subject 

In arranging the materials and illustrations of our work, we havie been 
guided by the same principles which dictated the method of elucidation in 
our volume, Mechanics and Mechanism^ in the present series. We have 
aimed at presenting practical details rather than elaborate theories ; not 
deeming these unnecessary, but conceiving that for the purposes of our 
treatise, and for the classes for which it is more particularly designed, 
correct illustrations and descriptions of the mechanical arrangements const!- 
luting the different varieties of steam-engines now in use will be more 
generally useful than expositions of strictly theoretical rules and mathe- 
matical formula, which serve in many cases to confuse rather than to en- 
lighten the uninitiated reader, to deter rather than to induce the pupil to 
proceed in his investigations. The work necessarily assumes the form of 
a mere compilation ; but in addition to consulting the best authorities, and 
endeavouring to place the results of this in as attractive and regular a form 
as possible, we are indebted for some of our valuable illustrations to the 
editor of the Practical Mechanic's Journal, by whose courtesy we have been 
enabled to enrich our pages. From the number of the illustrations, and 
the method of arrangement, we venture to hope that our work will form in 
some measure a useful auxiliary in an Educational Series. 
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THE STEAM-ENGINE, 


CIIAPTEE I. 

niUTOSlOAL N0TICK8. or TIW: Al'PLieATION OP fVTEAlS, FEOM HKAO, 130 B.C.» 

TO 8MEATON, 1773 A.l>. 

As before stated in mir intnidnctepy remarks, the ancients arc known to 
have had an acquaintance with the utility of the fiower steam and heated 
air, and had devised certain contrivances in wliicU this power was de- 
velopeti. Thejw^ c«mtrivanc4*s wim», as mity be BUppi>8ed, appliwl to no 
purpose of utility, btit si^rvcii more as the means of exciting^ the wonder 
oft he |>opuiae«, as the ininicuions prodticuiun of their }>riestiiood^ and aa 
funning |»an of the mysteries of their worship. Thus, one of the contriv- 
ancf^ of the well-knowti Hero of Alexandria, who flourished 130 years 
before Christ, — the first jHTSuiittge who figures in the stereotyped history 
of the steam -engin*',' — for iht? purjK^se of causing wine to flow from 
tlie hands of imag€‘S jdaciMl lio^ide tlie altar; and was effecteil as fallows; 
“A sUfam-tighi vesstd or vase containing win<» is j)lac<«l within each image, 
the altar being mado hollow, and partially- hi led witli water; bent tul^ 
reaching from the space in the altar al»ove tli© water to tlie space in the 
vases alxive tiie wime ; anti other tubes are takoii frtim the vases, below the 
level of the wine, to the hands of the images. Matters l>eing thus pre* 
pared, when you are al>out to sacrifice,” says Hero, “ you must pour 
into the tubes a few drops lest they should be injured by heat, and attend 
to every joint lest it leak ; and so the heat of the fire mingling with tlie 
water will pass in an asnal slate tlirough tltese tul>es to the vases, and 
pressing on the wine, make it pass through the bent syphons until, as it 
flows from the hands of die living creatures,, they will apfiear to sacrifice, 
as the altar continues to burn,” In another contrivance, the for^ of the 
vapour of water was perhaps more obviously shown. In fig, 1, a caldron 
or vase « has a pipe c fitted to it, terminated by a small cup d» On the 
caldrou being paittally filled with water, and fire applied beneath it, the 
•team, issuing from the jet with considerable velocity, raisei and ttippofta 
the € so loi^ as the steam ia kept upw But the principal contrivance 
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for whiob Hero is famed, and one wbicb in itaelf comprises nearly all the 
l^eqinisites of a complete prime'inover, is that known aa the jEioipile.** 



fig. 1. fig. 2. 


Tills invention is, moreover, all the more remarkable and worthy of notice, 
from the fact that in recent times it lias been introduced into practice as 
an cfBcient and economical steam-engine. Fig. 2 will explain the arrange*- 
ment of its parts, and its operations. Let a lie a caldron or vessel partially 
filled with water and placed on a fire; two iiifies 1^1/ communicate with the 
interior of tliis, and are bent at the top at riglit angles; a hollow ball c re* 
vuivQS on tlie arms 6 by and lias two pi|)e8 € d placed at the opposite ends of 
its diameter; the ends of these piyies are made up, but apertures are made 
in the opposite sides of eacli. Tiie steam rising tlirough the tubes hh, 
Classing into the hollow ball c, is ejected tlirough the apertures in ed; the 
reaction of the opposite jeUi of sU^m on the surrtyunding air causes the 
globe € to rotate with rapidity on its axis, “ as if it were animated from 
within by a living spirit.” In fig. 8 the relative 
umingerneiits of Uie jets fi-om tlie tubes is 
shown; the globe a revolving in the direction of 
the arrows, in these contrivances the properties 
of steam exjiansion and contraction are made 
known. It is somewliat remarkable — as taking 
ilie era of the introduction of steam and healed 
air us a motivc-povirer much fuitlicr back titan 
is generally supposed — that Hero states tliathe 
made himself acquainted with the labours of his 
predecessors aud oonteinponuries in connexkm 
with pneumatical contrivances, and that many 
of those which he describes in his Spuitalia 
stu Pneuinatica were not of his own invention; 
thus inducing the belief that this power was known for ages previously, 
although its eper^on, doubtless, was only known to the priests. Ail 
authorities amw in tliinking that tlie knowledge of the power of steam 
was more widely disseminated than is generally believed. That this power 
was ap|>Ued ohu^, if not exclusively, by the priesthood, for the purpM 
of witmg a belief iu their wonhtppem of the supemataxal uttenrentwau 
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whidi timet ^bey could command, is alto pretty ooncloBively aaoer* 
tatned. What tchoolbuj has not read of the mysterioiit Memnon, whose 
mystic uttenuice of sounds has even yet, in these utilitarian days, “.a dis- 
tinct and mysterioas interest, for no myth of the most graceful mythology 
is so significant as its story.” Yet the “ seven mystic vowels, which are 
the very heart of mysteries to us,” are said to have been produced by some 
of those pneumatic contrivaucte which Hero describes. ** When the secrets 
of the waning fiiith,” says aii elegant writer, “ were revealed by the votaries 
of a rival belief, the celestial harmony was then said to be produced by 
vapour, risiug from water concealed in a cavity of the statue, l>cing mode 
to pass through a tube having a small orifice iashioui^ in a manner similar 
to tliat of an organ. As long as the flnici was heated by the ra)^ of the 
sun, mysn^rious sounds were heard by the assembled worshippers, which 
died gradually away as tlie solar infiueuce was withdrawn from tljc gigan- 
tic idol.” 

At tills stage of our prog!X‘«8 an inquiry will naturally arise — how ii it, 
that witli all the ingimuity of the ancients, so fertile and so suggestive a 
]>ower should have been allowed to remain develojied only in the devices of 
priestcraA, and not adapted to the pur}K>s<!S of a more varied and general 
utility ? The cause of this ap[mrent lu^lect may l>e tracctl to tlie same 
sources which infiuenoed the obscurity which has hid from later times tlm 
arts of antiquity. Anotlier cauta^ may la* in the following, so well put by 
an able writer : The ancient ]>htlusophers esteemed it an essential part of 
learning, m be able to conceal their knowletlge from the uninitiated. And 
a contiequeuce of their opinion that its dignity W'us lessened by its l)eing 
shared wtUi common minds, was their considering the introduction of me* 
chanical subjects into the regions of philosophy a degradation of its noble 
profession; insomuch that those vtfry authors among them who were most 
eminent for their invention, and were wdliing by their own practice to 
maiiifest unUi the world their artifictal wonders, were tiotwiilistauding so 
infcc'ted by this blind superstition, as not to leave any thing in writing 
conciimiug the grounds and maimer of tlicsc o|xuations; by which means 
it is that fKisterity hath unhappily lost, not only the benefit of those par- 
ticular discoveries, but also the proficiency of those arts in general. For 
when once learned men did forbid the reducing of them to vulgar use and 
vulgar ex{)eriinent, others did thereu]^K>n refuse these studies, as being but 
empty and idle speculations; and the divine Plato would rather choose to 
deprive mankind of these useful and excellent inventions, than ex|)ose tlie 
profession to the vulgar ignoraut,” For centuries no attention seeiUB to 
liave been paid to the development of the {)Ower of steam ; at least, history 
is a blank as to any notices thereof. Nevertheless, there are sufficient indi- 
cations of the fact that its jiower was not altogether unobservixi by philo- 
sophers and men attached to science; many in their writings hinting at the 
power u> be derived from “ vapour,” and alluding confidently as to the 
capability of huge “ engines” btdiig forced into motion by the |>ower of this 
agent. About the year 1121, according to William of Malmeslmry, “ there 
were extant in a church at liheims, as proofs of the knowledge of Gerbert, 
a public professor in the achoola, a clock constructed on mecbanieiil prin- 
ciples, and a hydraabc organ in which the air, escaping in a wonderful 
tnaaner by the force of beaded water, fills the cavity of the instnunent, and 
the braiea pipes emit modulated tones ihrough m u ltlforioui spmtaret/* 
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On ibe revival of leanung throughout Europe, the diaaemination of the 
writings of the ancient philosophers doubtless attracted attention to manj 
of these oontrivancea. There is some probability attached to the supposi- 
tion that the invention of Blasco de Garay, a sea-captain, introduced into 
notice in 1548, was founded upon or derived from one of these. His in- 
vention was designed for the propulsion of vessels, and appears to have 
been very efficient. Unfortunately no record is known to exist from which 
a knowl^ge of its parts can be ascertained. The following is the only 
account extant: “ Commissioners were appointed by the Emperor Charles 
the FifVh to test the invention at Barcelona, on the 17th June, 1543; and 
the result was, that a ship of 200 tons burden was propelled by the ma- 
chine at a rate of three miles an hour.” The moving force was obtained 
from a boiler containing water, — liable, as w^as said, to explosion; and 
paddle-wheels were the propelling power. Strange as it may apj>ear, no 
further result was obtained from this trial, and the invention was lost 
sight of. Towards the close of the sixteenth century numerous exj^edients 
and mechanical contrivances for raising water were described in published 
works; these being based in principle on the contrivances detailed by Hero. 
Baptista Porta, in ICOf), the well-known inventor of the camera-obscura, 
published a commentary on Hero s Pneuniatica, in which he describes the 

arrangement 'which is illustrated in 
tig. 4. Let a be a furnace, and b a 
small boiler or receptacle for the 
water to heated; on the steam 
rising up the tube c, wliich is con- 
tinual nearly up to the top of the 
air-tight Ixfx dd containing water, 
it on the surface of the 

water and forces it out through the 
tube r, which is continued doum 
nearly to the l>ottom of the lx)x dd. 
This contrivance, although the au- 
tlior made no application of it for the 
piiq^ose of raising water, is worthy 
of notice, if only for containing witli* 
in itself the first known gt*rm of an 
iinj)ortant distinction in steam -me- 
chanism, namely, the adaptation of a 
sejMirate vessel for containing the 
water to lx* rHist*d, from that in 
which the steam or vapour was ge- 
nerated. Baptista Porta gives this 
arrangement merely as carried out 
in an experiment on the relative 
bulks of water and steam. 

Solomon de Caus, in a work 
dated Heidelbeig, in 1615, entitled, 
LtJS Mm$on$ de$ Fottm mmcwUu 
avtc dimrsu MacKmu Umt utilm qm 
amongst a variety of insignificant and fimcifiii theories and de- 
irariplum^ gives an arrangement by which water is mmd al^ve its kvei 
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In fig. 5 wc give «n illustration of De Caus* theorem on this point Let 
an be a ball of copper, having a pipe c by which to 
partially fill a a with water; another pipe b b reaching 
nearly to the bottom of the globe is also provided. 

On placing the globe on a fire and carefully stop- 
ping up the vent c, the steam or va[K)ur pressing on 
the water in a a presses it up the tube bb. lie also 
details the following illustration of Uie force of 
steam. “Take a ball of copper of one or two feet 
diameter and one inch thick, which Iwing filled with 
water by a stmill hole, subsequently stoppetl by a 
peg so that neitlier air nor water can escapt!, it is 
cerUiin that if the said ball l>e put o\-er a great firo 
so that it may bi'coine very hot, it will cause so vio- 
lent a compression that the ball will Ihi shattered in 
pieces. It, however, r«‘fjuin‘<l no ex{>erinient of tliis 
stamp to prove the forci* of steam ; the aneiimts were 
by no means ignorant of this; iiuleiHi they W'ent so 
far as to attribute eartlujuakes to the force of pt*nt- 
up vajwurs derivt^tl from subterranean heat. And fig. 5, 

Alberti, iu 1412, notices the ellects of |Hmt iip va[K>ur 
— ilreafiiHl by the lime-burners of that |)eri(xi — on the stones: “ for wlwjn 
tliey come to Ix! U)ucIuhI by the fire, uiul the stoue grows hot, it turns to 
va{K>ur, and bursting the j)risou iu which it is confined with a tremendous 
noisi^ blows up the whole kiln with a force altogether irresistible.*’ 

M. Arago, in his anxiety, we presume, to claim the merit of tire dis- 
covery of the invention of the steam -engim; to a countryman of his own, 
attribuU;s U) l)e Cans a higher and mure }>l»ilo8opliical knowledge of the 
capabilities of stt^im than one wuuUl «upjK>se he was in |>oss<*»sion of, merely 
from his r<H:ital of the above ex{N.Timent; and staUts tlmt the ideas of the 
ancients re«i>ecting the force of steam lui<l never reacherl any thing like the 
numericai a}>preciaUun realinKsi by suc h exjHjriments as those of De Caus. 
On this point we ciinnot do Utiter Uuiti quoUj from the able treatise on tiro 
steam engine edited by dohii Ikjurne, Ksrj., C.K.; “ Wc confess that we are 
at a loss to understand wherein this numerical a[q)recialiun can consist; 
for although De Caus or Uivault may Imve ascertained that steam will 
burst a cannon-laill or bomb, they never ascertained what sort of ball or 
liomb steam will not btirst ; so that thi^y did not establish any limit to 
the power of steam, but only showed that it is capable of very powerful 
efiecta.” 

In 1620, in a work published by Giovanni Branca, a description is 
given of a contrivance in which the force of steam was use<l as the actu- 
ating power. *The water is heated in a vessel the upper part of which is 
fashioned like a head; from tlie li[is of this a pijje or tube issues, which 
directs the steam against the vanes or boards of a wheel, made somewhat 
like an undershot wheel; this is made, by die impinging of the steam 
cm the fioaU or vanes, to rotate rapidly. The wheel is placed horisootally, 
as 6, fig. 6; in the vertical axis of this a small trundle c is placed, which 
actuates the face-wheel d, and gives motion ultimately to stampers for com- 
pounding drugs in mortars. It is believed by some writers that this ma- 
chine was actually in use for the above purpose; by otheiay howevery this 
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idea is discarded. And it is doubtilil whether Branca was the real inventor, 
as his book is avowedly “ a collection of machines invented by others; and 



fig. 6. 


this mode of moving a wheel by steam is probably, therefore, an idea of 
which ho is the mere illustrator.** He was, however, a “ man of taste, as 
well as a person of ingenuity.” 

From the pc;rio(l now arrival at. up to the mkldle of the seventeenth cen- 
tury, history has no record os to the advances of the improvement of the 
steam-engine. All the contrivances hitherto puhli8he<l seem to have been 
more the result of closet study than every day practice; more to he looketl 
U[x>n as the playthings of mir philosophers than the purposed inventions of 
the practical mechanic. To this, however, De Garay’s steam-hojit pro- 
peller ma^ |>erhap8 be nn ('xcepiion ; nevertheless it can be classed only as 
an experiment — questionless a .<«ucces8ful one — and the barren results of 
which, in all probability, arose from some inherent defect in its principle 
or construction. At all events, up to the interesting period we now ap- 
proach, no useful application of steam to the practical purposes of every- 
day life had yet been successfully introducetl. 

In 1663 the Marquis of Worcester, a nobleman who had undergone 
many changes of fortune in the civil wars of England, publishetl a work 
entitled “ A Century of the Names and Scantlings of such Inventions as at 
present I can call to mind to have tried and perfected, which, my former 
notes being lost, I have, at the instance of a powerful friend, endeavoured 
now, in tlic year 1655, to set down in such a way as may sufliciently in- 
•tniet me to put any of them in practice” Amongst the numerous de- 
vices which he enumerates, the following is the one which is closely con- 
nected with our present subject : ** An admirable and most forcible w’ay to 
drive up water by fire; not drawingor sucking it upward, for that must be, 
as one philoscqiher calls it, infra gpkfmtm artivitatis^ which is not at such a 
distance: hut this way hath no bounds if the vessel be strong enough; for 
I have taken a {uece of a whole cannon whereof the end was burst, and 
filled it three-quarters full, stopping and wrewing up the open end, as also 
the touoh-hole» and making a constant fire under it Within twenty- 
Ibur hours it btir^ and made a great crack ; so that having a way to 
make my vessels so that they are strengthened by the fierce within them 
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and one to fill aiW the other, I have seen the water run like a constant foun*> 
tain-stream forty feet high. One vessel of water rarefied by fire driveth up 
forty of cold water; and a man that tends the work has but to turn two 
cocks, that one vessel of water being ct>nsumed, anothe^ begins to foroe and 
refill with cold water, and so successively; the fire being tended and kept 
constant, which the selfsame person may likewise abundantly perform in 
the interim between the necessity of turning the said oocks.” The connec- 
tion Wtween this, the sixty-eighth proposition of the Marquis, and the two 
following, being the ninety-eighth and one hundredth, has been pretty con- 
clusively established by a writer in the second volume of the Glasgow Me- 
ekames Magazine ; ** An engine so contriveil,’’ says the proposition, “ that 
working the jirimum nwbile forward or baokwanl, upward or downward, 
circularly or cornerwisc?, to and fr<», straight upwaixl or downright, yet 
the preU'nded openition contiuuelh and advanoeth, none of the motions 
above mentioiu^d hindering, much less stopping, tho other; but unanimously 
and with harmony agreeing, they all uiigiiient and contrihute strength unto 
the intended work and oj)eration ; and therefore do 1 call this a soini-omni- 
potent engine, and do intend that a mode! thereof be buriwi witli mo.’’ 
The ne.xi projKwition is m follows: “How to make one pound weight to 
raise an hiindretl ns high as one |>ound falleth, and yet the hundrexl [>ouud8 
descending doth what nothing less than one hundrtHl pounds can elTect.” 

“ l!pon so jK>U*nt a helj) as those two last-mentioned inventions, a water- 
work is, by many yc'ars’ exjMTience and labour, so advantageously by me 
contrived, that a child’s force bringeth up a hundred feet high un inertj- 
dihle quantity of water, even two feet duiiiieler, so naturally, that the work 
will not 1x3 heard into tlie next room; and with so great care and geome- 
trical symmetry, though it work day and night from one end of the year to 
the other, it wdll not recjuire forty shillijigs* reparation tc» tlu* whole en- 
gine, nor hinder one day’s work; and I may eall it the most Htujjttndou^ 
trnrk in the whole world : and not ordy with littlt^ eliarge to drain all sorts 
of mines, and furnish cities with wat<T, though never so high -seated I, txa 
well as to kiep them sweet, running througli st^veral streetu, and so perform- 
ing the work of wavengvrs, as well as furnishing the inliabitants with suf- 
ficient water for their private oc’casiofjs, — Imt likewise supplying rivers with 
sufficient to maintain and make them jHUtable from U)wn to town, and 
for the bettering of lauds all tlie way it runs. With many more advantages, 
and yet greater effects of jirofit, admiration, and con«3qut*nce; so that de- 
serv'edly I detun this invenlioTi to crown my labours, to reward my expenses, 
ami make my thoughts acquiesce in tlie way of further invtmtions.’’ “ The 
primmn says a writer of authority on the steam-engine, “ is here 

evidently the force of steam, that, flow in whatever direction it may, is still 
capable of exerting the same mechuitical power; and the movements, how^ 
ever numerous, can be made not to interfere witli each other. Tb<r fall of a 
pound weight raising a hundn^d |>ounds weight clearly refers to a mechan- 
ism like a piston: one weighing a pound attaelu^ to a lever would raiiK; 
one hundred pounds as high as one pound falleth; and wen; the weight of 
water to fall on a water-wheel, for instance, as is now oflU;n pracci^, it 
would raise a quantity very nearly equal to its own w'eight, and to the same 
height from which h fell A child's force, too, would be sufficient to turn a 
cock even of a lai^ engme; and the small noise made by tliis description 
of machinery, and its working day and night without intemussion or im* 
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pairing it» power, are circnmstances in the use of the machine now famDiar 
to every person. It would be difficult to give a clearer description of the 
action of a steam-engine in general terms, without a special explanation of 
its minutife and principles. In ^this case, however, it obviously was the 
intention of Lord Worcester to conceal both.” No drawing of this form of 
engine is extant, by which a notion of its arrangements can be obtained. 
Diagrams have, however, been given by various writers, detailing arrange- 
ments by which the; effects as noticed by the marquis could be obtained. 
These, of course, are perfectly hypothetical; nevertheless, as a matter of 
some curiosity, we append a diagram illustrative of an arrangement pro- 
posed by Mr. Stuart, in his work Historical and Descriptive Anecdotes of the 
tSteam-erujine^ a work abounding in interesting matter (in fig. 7 ). Steam is 

supplied to the receivers a ^ by a 
steam-pipe proceeding from a boiler; 
the sUiam is admitted alternately to 
the receivers ab hy means of a cock 
placed at c. 'Fhc receivers are con- 
nected with the deduction pipe i hy 
a pijie w, containing valves opening 
outwards from eacli receiver; another 
pi I Hi n u connects the cistern with the 
rec(*ivers; hy means of 4he cock at n 
the communication between the cis- 
tern and each receiver may be inter- 
rupted at pleaaiire. The steam from 
the boiler ]>as6es into the receiver a, 
previously tilkid with water; pressing 
on its surface, it fones the water 
through the pif>e m up the pipe i, 
which ct)nveys it to its destination. 

» tt After the watej* is ex]:)elled from the 

receiver a, the cock e is turned, which 
admits the steam iuto the receiver h] 
simultaneously the cock n is turned, 
which-admits water fivm the cistern into a ; the steam pricing on the surface 
of the water in /y, furci« it up Uie pipe i ; on the whole of the water l>eing 
expelled, the cook f is turned, shutting oil* the communication with the boiler 
from hj but ojKjniug it to a. Uiilesa, however, the boiler from which steam is 
supplied is providinl with means fur filling it with water at intervals, to 
compensate for that evaporated during the process of working, it is evident 
that the continuity of action of the engine would be interrupted. An eminent 
authority tlierefore considers tluit Uiere could not have been in this kind of 
engine **any feetl-pump: in the al)8ence of that instrument, two boilers 
must have been iiuiispensable to make the action of the engine continuous.” 
It will be interesting to trace brieily tlie evidence ’which has been collected 
in sup^rt of the opinion that the Marquis of Worcester had actually car- 
ried his engine into practical effect, ffiis being with many a deb^ble 
point. In looking over the preposition of his celebrated work, it 'will be 
observed that he speaks of having “ seen the water” raised ; of ** kamng a wc^ 
to make his vess^.*’ Again, although the marquis's veracity may he 
doubted in these incident^ notices, it is worthy of note that a manuscript 
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^und after hia death bore this heading: “ The Lord Marquis of Worces- 
ter's ejaculatoiy and extemporary tliankagiving prayer, when first witli his 
corporeal e^fe he did see finished a perfect trial oi* his water-commanding en- 
gine, delightful and useful to whomsoever hath in recommendation either 
knowledge, profit, or pleasure.” Otlier corroborative evidence might be 
given, but it is deemed sufficient to append a very conclusive statement of 
one who was neitlier influenced by prejudice or interest. The evidence to 
which we allude is that given by Cosmo de Medicis, Grand Duke of Tus- 
cany, who visited England about the periiKl of tlie invention, and whoso 
movements during his travels were duly rt'conltHl by his 8tM3i*eUiry, Un- 
der date May 28th, 1099, is the following entry: His Highness, that he 
might not lose the day uselessly, wont again aflter dinner to the other side 
of the city, extending his excursion as liir as V'auxhnll, beyond the palace 
of the Archbishop of C’anterbiiry, to 8^*0 an hydraulic machine invented 
by my I^rd Somerset, Marquis of Worcester. It raises water more than 
yhrty geometrical feet by the ptiwer of one m<tn onhj ; and in a very short 
space of time will draw u\i four vesseh <»f water through a tube or channel 
not more tlian a «|mn in width, on which account it is considered to be of 
greater service to the ]»uhlic than the other machine at Sinnerset House.” 
“ This, therefore, is sujK-rior in its ojK!rations to another machine by a dif- 
ferent mtchanicy and applied to the safne pur/>osef The following is tlio 
entry in the Duke’s journal of tlic other machine to which allusion was 
rua<le in tlte first entry: “ His HighiK*ss went to see an hydraulic machine 
raised u}>on a wooden tower in the neighbourh<MMl of Somerset House, 
which is umhI for conveying the water of tin* river to the gi'eatest ])art of 
the city. It is put in motion by two horses, wliieh are. continually going 
round; it not Ixung possible that it bIjouM receive its tnovmnents from the 
curnmt of the river, as in many otlittr jduc<*s where the rivera nevtu* vary 
in their course.” “ Nothing cun Ik*, imirc satisfactory,” says Mr. Stuart, 
** Uian tliis last notice. The water in the liydraulic machine at Vauxhall, 
by the most easy inference, was fwt elevaUnl by a waUT-wheel, ollierwise 
the (irand Duke would not have omiite*fl »<> striking a deviation from that 
at Somerset House. The effect wan ispial to that of another worked by two 
horses; and a tym in mechanics wouhl at first sight say, that no combina- 
tion of machinery couki aoerimplish that work by one man wliich it re- 
quirtKi the p)wxT of twelve men to do in another. Fixmi all tlie circum- 
stances, therefore, it apfiears to us clear, that this great eil'ect wiis prcKluced 
by some sort of a steam-engine: the very identical ‘most stupendous wa- 
ter-commanding engine;’ ‘the serrroomnijiotent engine;’ the ‘ admirable 
and most forcible way to drive up water by fire.’” 

The introduction of this, the first “ feasible” sclieme for producing 
useful efiects by the power of sUiam, may W said to be the turning-point 
in the history of the steam-engine. From this time the marcli of progressive 
improvement was rapid and uninterrupted ; invention followed invention, 
improvement succeeded improvement, until the steain*< 5 ngine arrived at its 
present potent condition.* From this stage of our labours we shall cease 

• Sir Sainmel MorUnd in 1683 rabmitted to Loub* XI V. of Fmnce a plan for raiaitig 
water by the ai 1 of steam. The folloiring notice is extracted from a Ms. in the BtiUtn 
Kaseoai. *‘^Tbe prindples of the new power of fire invented by the Chevalier Morland 
in the year 1682, and preaented to hit most Christian Majesty 1683. — Water being eva- 
ponted by 4be power of 6re, the vapour sboftJy acquim a greeter space (iieer 9000 Smea) 
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to record the cmde and visionaiy speculations of the philosopher or en- 
thusiast; but have the more useful and pleasant task of describing the 
^aottcal results of the application of the labours and ingenuitj of our 
engineers and mechanics. 

It is supposed by some engineers, that the method of raising water by 
steam, on the principle of atmospheric pressure (or the vacuum), was not 
unknown to the Marquis of Worcester ; and that it is not improbable but 
that in the engine mentioned by the Grand Duke of Tuscany this agency 
was taken advantage of. This is, of course, mere conjecture ; but in an 
invention next in chronological order, now to be noticed, atmospheric 
pressure, or the formation ot‘ a vacuum, was a distinguished feature. The 
engine to which we allude is that so well known as “ Savery’s.” The 
period of the introduction of this engine may be looked upon as the com- 
mencement of the practical era ; the very mode in which the inventor 
ushered it into tlie world, and presented its claims to consideration, proved 
this. In place of clothing his descrii>tion in the studied mysticism of 
words, which up to th^s pcricnl hatl been the endeavour of all those who 
had preceded Savery in describing inventions in connexion with the sub- 
ject, he, on the contrary, fully explaine<l the principles of its action and 
the details of its arrangements; and instead of giving exaggerated state- 
ments of its power and economy, he practically detfiiled tlie reasons why 
he believed it to be a cheu|x*r inetliod of raising water from mines than 
any other plan then in operation ; and earnestly invited parties interested 
to insp(}ct the machine in operation, luid form their own opiiuon as to its 
working value. Very little is unfortunately known of this ingeuio^ls man. 
From his title of CapUiin it luws betm conjectured that he wa.s a seafaring 
man ; probably tltis arose from his having l)een the inventor of an im- 
proves! method of moving ships in a calm. It is doubtful whether he was 
or not; indeed, tin? latter is likely the ease, as, in one of his pai^rs de- 
scribing an invention of his, he remarks : “ I believe it may be made 
useful to ships ; l)ut I dare not meddle with that matter, and leave it to 
the judgment of thos(; who are the best judges of maritime affairs.^ This 
does not read like the statement of one who was a practical seaman. 
Mr. Stuart conjectures, with greater probability, that be was the dirt'ctor 
or pr()prietor of a urine, ami ns such was known by tire title which is 
even now appropriated to the same otlicer. 

than the water occupied Wfore; and were it to be always confined, wouW H«r*t a piece of 
cannon ; but being well regulated according to the laws of gravity, and reduced hy science 
to measure, to the weights and balance, then it carries its borden p(*oceably (like good 
horaee), and thus becomes of great use to mankind ; particuluriy for the elevation of 
water* according to the following table, which marks the number of pounds which may 
be raised 16U0 times }H?r hour, by cylinders half full of s’ater, as well as the different 
diameters and depths of the said cylinders." Although no account is obtainable of the 
contrivance for raising water said to have been submitte<l by Morland to the King of 
France, the above extract is sufficient evidence of his being acquainted with the power 
of steam, and as to the value of its application to useful purpo^ The table referred 
to in the adiove notice need not be given here ; it bears with it the evidence of much 
care having been taken in the experiments neceesary to obtain the given results* 
which may he said to possess considerable accuracy. U is but just, however, to notice 
that it is quite an open queetion whether Morland ever really submitted any plan for 
fatstng water by steam* as has been said. One historian of authority states Uiat there is 
no dl^nct evidence as to his having done so; and in his book published in 16115, 
describing all sorts of machines fbr raising water, he makes not the slightest mention of 
his iMring in possesikm of any such plan. * 
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In 1C98 be obtained a patent from William the Third *^for raising 
water, and occasioning motion to all sorts of mill-work, by the impellant 
force of fire;’’ and in 1699 he exhibited a model of his engine before the 
Royal Societv, a description and illustration of which is given in their 
Triinmetwm, \ol xxi. p. 228. Tn 1702 he published a work entitled 
The Miners Ffiendy written in a lively and interesting style, and con- 
taining a full and circumstantial account of the arrangements and operation 
of the engine. The following is the description, which is worthy of a 
place here, as an example of nu'chanicnl description, and as giving a 
notion of the merits of Savery as an inventor. In fig. 8, which is a per- 
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spcctive view of the whole apparatus, an are the fumnees which contain 
the. boilers ; the two fire- placets ; c, the funnel or cliimney, which 

is common to both furnaces. In these two furnaces are placed two vessels 
of copp(!r, which I call btnlers ; the one large, as /, the other small, as d, 
rf, the small Iwilcr conUiined in the furnace which is heattsl by the fire at 
i'2 ; e, the pipe and cock to cold water into the small l>oiler to fill 

it ; /, tlie screw that covers and confines the cock e to the k»p of the small 
boiler ; a small gauge-cock at the top of a pipe going within eight 
iiic)K>s of the bottom of the small lioiler ; A, a larger pil^N which goes the 
same depth into the small boiler ; i, a clack or valve at the top of the 
pipe h (opening upwards) ; i:, a pipe g^ang from the box above the said 
dock or valve in the great boiler, and passing about an inch into it. 1 
the great boiler contained in the other fomace, which is heated by the fire 
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; i», the fcrew with the regulator which is moved by the handle 
and opens or shuts the apertures at which the steam passes out of the great 
boiler into the steam pipes oo ; n, a small gauge>cock at the top of a pipe 
which goes halfway down into the great boiler ; o, steam-pipes, one 
end of each screwed to the regulator, the other ends to the receivers pi, ^2, 
to convey the steam from the great boiler into these receivers ; pl,p2, 
copper vessels called receivers, which are to receive the water which is 
to be raised ; </, screw joints by which the branches of the water-pipes 
are connected with the lower parts of the receivers ; r 1, r2, r 8, r 4, valves 
or clacks of brass in the water-pipes, two above the branches o, and two 
below them ; they allow the water to pass upwards through the pipes, but 
prevent its descent ; there are screw-plugs to take out on occasion, to get 
at the valves r ; s, the forcing pipe, which conveys the water upwards to 
its place of delivery, when it is forced out from the receivers by the im- 
jHillant steam ; t, the sucking pipe, which conveys the water up from the 
bottom of the pit, to fill the receivers by suction ; a square frame of 
wood, or a l>ox with lioles round its bottom in the water, encloses the 
lower end of the sucking pipe, to keep away dirt and obstructions ; ac, a 
cistern witli a buoy-cock coming from the force-pipe, so as it shall always 
be kept filled with cold wat<T ; y, a cock and f)ipe coming from the bottom 
of the said cistern, witli a spout to let tlie cold water run down on the 
outside of either of the rc^ceivers, y 1 , y 2 ; r, the liandle of the regulator, 
to move it by, either open or shut, so as to let the steam out of the great 
boiler into either of tlie rtKjeivers.’’ 

In working the engine, “ the first thing is to fix the two boilers of the 
engine in a gocxl double furnace, so contrived that tlie flame of the fire 
may circulate round and eiKxmijaiss the boilers to the best advantage, as 
you do copjiers for brc»wing. Before you make any fire, unscrew the two 
small gauge pi|x*8 and cocks, y, «, belonging to the two boilers, and at 
the holes fill the great boiler / two-thirds full of water, and the small 
boiler d quite full ; then screw in the said jiipes again, as fast and tight 
as possible, and light the fire under the large boiler at 61, to make the 
water thendn boil ; and the steam of it, being quite confined, must become 
wonderfully compressed, and therefore will, on the ojiening of a way for 
it to issue out (which is done by pushing the handle z of the regulator 
as far as it will go from you), rush with a great force through the steam- 
pipe 0 into the receiver p 1, driving out all the air l>eforo it, and forcing 
it up through the clack r ink) the force-pipe, as you will pc^rceive by the 
noise and rattling of that clack ; and when all the air is driven out, the 
receiver p 1 will Xye very much heated by tlie steam. When you find 
it is thoroughly emptied, and is grown very hot, ns you may both see 
and feel, then pull tlie handle x of the regulator towanls you, by which 
means you will stop the steam- pipe o, so that no moi*c steam can come 
into the receiver p 1, but you will open a way for it to pass through the 
other steam-pipe, o, and by that means fill tlie other ri*ceiver, 2, with 
the hot steam, until that vessel has discliai^ed its air, through the clack 
r 2, up the force-pipe, as the other vessel did before. 

** While this is doing, let some cold water be poured on the first-men- 
tioned receiver, jj 1, from tlie spout y, by which means the steam in it being 
cooled and condensisd, and contracb^ into a very little room, a vacuum 
emptiness is created; and oonsequ^tly the steam pressing but very little, if 
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•t all, on the clack rS at the bottom of the receiyer p 1| there is nothing 
iiere to counterbalance Uie pressure of the atmosphere on the surface of 
the water at the lower part, r, of the sncking>pipe t ; wherefore the water 
will be pressed up, and ascend into and fill the receiver p 1, by what is 
commonly called suction : the water as it rises lifts up the clack or valve 
T d, which afterwards falling down again, and shutting close, hinders the 
descent of the water that way. The receiver p 2 being by this time 
emptied of its air, push tlie handle of the regulator from you again, and 
the force of the steam coming from the great l^oller will be again admitted 
thrmigh <», and will act u{)on the surface of the water contained in the 
receiver p 1 , which surface only being heated by the steam, it does not 
condense it, but the steam gravitates or presses with an elastic quality like 
air, and still increasing its eL-isticity or spring until it counterpoises, or 
rather exceetls, the weight of the column of water in the receiver and 
pipe s, which it will then necessarily drive up, through the passage q r, 
inu> the force-pipe s. The steam Uikes up some time to recover its power; 
but it will at last discharge the water out at the U>p of the force-pijKJ s, as 
it is represente<l in fig. 8. After the same manner, though alternately, 
the rec^eiver p*2 is filled witli water by means of the suction, and then 
einptie^l by the inqieliant force of the steam, whereby a regular stream 
is kept continually running out at tk)p of the force-pijKj 8 ; and so tho 
waUT is rai8e<l very easily from the l)ott(»m of the mine, &c., to tho place 
wherir it it desigtud to be discliarged. I should add, that after the engine 
K’gins to work, and the water is risen into and hath filled tlie force-pijx^ s, 
then also it fills the little cistern .r, and by that means 8U))plie8 the spout 
or pifK! vy, which I call the condensing |»i|Kj, and which by its handle can 
l>e turned sideways over either of the rweivers, and w then ojken ; by this 
8p(Mit c<»ld w’uter is conveytjd from the force-pipe, to fall U[>on the outside 
oi either of tlie rweiv'ers when thoroughly lieated by tho steam, in order 
to <M>ol and condense the steam within, and make it suck (as it is usually 
calle<l) the water up out of the well into that receiver. It is easy for any 
one that never saw the engine, after lialf an hmir’s exjHJrience, to kttep a 
constant stream ; for on the outside of the rtK’eiver you may scte bow the 
Water g<*es out as well as if the receiver were tmnsparent ; for as far as 
the steam contimu-s witlun the n*(i<*iver, so far is that vessel dry without, 
and so very hot as scarce to endure the least Unich of the hand ; but as 
far as the water is withinsith- of the said vessel, it will b<; cold and wet 
where any water has fallen on it, which cold and moisture vanish as fast 
as the steam in its descent takes j>Iace of the wat<?r. But if you force all 
the water out of the receiver, the steam, or a small part thcrcK)f, will go 
through the cluck r 1 or r2, and will rattle that clack so as to give notice 
to move the handle of the regulator, and then the steam begins to force 
the vrater out from Uie other receiver p 1, witliout the least altenttion of 
die steam, only sometimcfs the stream will lie rather stronger than before, 
if you pull the handle l)efore any considerable quantity of st^m Ikj got 
Bp the clack r ; but it is much better to li‘t none of that steam go off, for 
that is but losing so much strength; and it is easily prevented by pulling 
the regulator some little time before that receiver which is forcing is quite 
emptied. This being done, turn the cock o, or condensing pipe y, of the 
cistern x, over the empty receiver, so that the cold water procee^ng from 
sr may nm down through jr, which is never opened but whim turned over 
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00 ^ oC ^ rec^retSt* when it stands between them is light and stanch,* 
iThis cold water, falling on the outside of the receiver, bjr its coolness 
eauses that steam which had such great force just before to condense and 
beoome an emptjr space, so that the receiver is immediately refilled by tW 
external pressure of the atmosphere, or what is vulgarly called suction^ 
whilst the other receiver is emptying by the impellant force of the steam ; 
which being done, you push Uie handle of the regulator from you, and 
thus throw the force into the other receiver, pulling the condensing {npa 
over the receiver p 2, causing the steam in that vessel to condense, so that 
it fills while the other empties ; the lalwur of turning these two parts of 
the engine, viz. the regulator and condensing water^cock, and tending the 
fire, being no more than what a lioy's strength can perform for a day 
together, and is as easily learned as tlieir driving of a horse in a tub>gin.’’ 

The metliod by which Savery managed to keep up the supply in the 
large boiler, for tlie purposes of evaporation, is highly ingeuious, and is 
indicative of his inventive jxiwers. Let a, fig. 9, repreMjnt the small 
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boiler, which is supplied with water from the force-pipe « by tlie pipe e, 
supplied with a stop-cock (fig. 8) ; a pipe, A, descends within eight iziohes 
of the bottom of tiie boiler, aud is provided with a valve, i, opening uj>- 
wards ; tins pi{xi is connecUnl with the hirge boilei' 1. The following is the 
opeiwtion, us descrilnd in the inventor's own words : “ When it is thought 
fit by the pei'sou tending the engine to replenish the great Ixnler (which 
requires about an hour aud a half or two hours to tlie sucking one foot 
of water), he turns the cock e, so that there can be no communication 
lietween the force-uifie s and the small boiler d, aud puttli^ in a little 
fire under tlie small boiler at A 2 (fig. 8), the waUu* will tlien grow pre* 
sentiy hot ; and when it boils, its own steam, which hath no vent out, will 
gain more strength than the steiun in the great boiler. . . . The water in 
the small boiler, being depre»«ed by its own steam pressing on its surfisoe, 
will force the water up the pipe k, through h, into the great boiler I ; and 
so long will it run, till the suj^aoe of the small boiler d gets to be as low 
as the bottom of k ; and then die steam and water will run together, and 
b^ its noise^ and rattling of the clack i, will give sufikient assurance to 
han that works the engine that the small boiler hath emptied and dia*- 
charged itself into the greater one and carried in as mu^ water as is 
duA necessarj ; after which, by taming the cock e again, jmt may 
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cold water out of the force>pipe 8 (see %. 8) into the lesser boiler 
before ; aud thus there will be a oonstaut motion and contioual supply 
^e engine, without fear or disorder. And inasmuch as fxtnn the top 
the small l^ler d to the bottom of the pi])e h there is contained about 
much water as will replenish the great boiler I one foot, so you may 
certain it is replenish^ one foot of course.” Captain Saverv also in* 
a contrivance by which the depth of tlie water in the boilers 
^uld be ascertained ; this he termed a “ gauge-cock,” the principle of 
iirhich is illustrated in fig. 9, at c, w, which are pipes continued down to 
.^thin eight inches of the bottom of the IxMlers. When the attendant is 
desirous of knowing when the great boiler wants replenishing, he opens 
^e stop-cock in connection with the pipe n : if waWr issues I’rom it, the 
iupply of wajter is sufficient ; if steam issues from it, it is an evidence that 
the boiler requires a supply of water. By the cock c it is easily ascertained 
Whether the small bailer requires a fiup[)ly of cold water from tlie force- 

J ipe 8. This contrivance of the gauge-ct^ck is still in use to the present 
ay, the best evidence us to the practical value of Savery's ingenuity. 

Such is a description of Haveiy’s ‘Celebrated fir>e-engtne,” an invention 
femarkable alike for the judiciousness of its arrangements, and the practi- 
cal purposes fur whicli, at the period, it was introiluced. Considerable dis- 
cussion has ansen as to whether Savery really iuvtnited the engine, or de- 
* Irivod his ideas from other soimtes, as tlie invention of the Marquis of Wor- 
cester. Desaguliers details au evidently gut-u]) stoiy' of Savery having 
Ibought up the cojnes of the pamphlet of the mar([ui8, with a view to do 
•way with all evidence of jiriority of invention on the part of tlie marquis. 
There is no evidence* that this was done by Savery : on the contrary, all 
•vidence goes to prove the fact that it was extremely unlikely for him to 
•ndeavour to detract from the fume of the marquis by way ofgainiiig for 
himself a reputation. The buying up the jiampLilets of the marquis would 
have been a useless labour, for it is altogether improbuble that ail recollec- 
tion of an engine erecteti at Vauxlxall, as reportt*d by the (Irand Duke of 
Tuscany, should have vanished from the minds of many who would have 
witnessed its action then alive; moreover numy of the contemporaries of 
the marquis were then alive, at the |>eriod when Savery iiitnxluced his en- 
gine, some of them also memliers of the Iloyal Hcxnety, Ixjfore which Sa- 
Yery, as we have seen, displayed a model of his engine. But the ingenuity 
of the arrangements of the engine itself conveys with it, we think, the 
undoubted stamp of originality. One honour — and that a high one— -can 
at all events be ascribed to Savery without disptite, and tliat is of being the 
person who introduced into extended use an invention calculated to be of 
high praolteal vakie; and this lalxjur, the work of which tlie world is not 
' Slow to estimate highly, he perfonned in the face of what he temicxl the 
** oddest and almost insuperable difficulties,*’ with a ptsrsevenince and in- 
domitable courage entitled to the highest commendation; and after all, he 
pwho, in spile of the opposition of prejudice and interest, sucxiceds in intro- 
pductng into extended use inventions calculated to 1 x 3 of 8i*rvice in the pro* 
I motion of the interests of humanity, is entitled to a higher reward, and to 
^>liaYe the value of his laboum judg^ of from a higher standard, than he 
I'f whose services are confined to Um mere discoveiy or ekboration of a me* 
f i diaitical or philosophical invention. 

in dm Yoionie on Natmxd PhUo^ophy in diis series the subject of at- 
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moi^ierio prmfor e^ hai been folly e3q>Umed« Toricelli, after tbe death of 
GalilaOi diicoTered that the flowing of water (open to the atmoaphere) into 
anj Taottooa space is owing to the pressure of the atmosphere, which acts 
upmi all bodies at the earth’s surface with a definite pressure In 1672 
the celebrated Otto Guericke, in bis Experimenta Magdiburgica^ detailed an 
apparatus by which he could raise heavy weights. In fig. 10 we give a 

diagram illustrative of the arrangement. 
Let o be a cylinder in which a piston h 
works, air-tight; the piston-rod b has a 
rope attached to it j)assing over the pul- 
leys cc, and continued U> suspend a board 
t containing heavy weights. Suppose 
tliat by means of an air-pump the space 
bidow the piston (tlie piston being raised 
to the top of the cylinder by the weights 
on c) is deprived of its contained air, and 
a vacuum, mon^ or less perfect, produced, 
the pressure of the external atnjosphere 
would cause lljc piston to descend, raising 
the weights on e ; now if a small stop-cock 
were opened to admit air at the lowest part 
of the cylinder below the piston, the weights 
would pull the piston up to the top of the 
cylinder, tlie pressure of the atmosphere 
being equal on both sides of the piston. Hy making a vacuum, as be- 
fore, beneatlr the jnston, it would descend ; and thus, by repeating the process, 
the weights might be made to ascend and descend. The efficiency of a va- 
cuum to raise lieavy weights was thus established by means of this arrange- 
ment, and was no doubt pretty universally known at the period of the in- 
tnwluction of Savory’s patent. It is clear, however, that the operation of 
withdrawing the air, so as to produce a vacuum by meaiis of an air-pump, 
was too exiwmsive and tedious an operation to be thought of as a working 
medium. Although there is no direct evidence of the fact, it is supposed 
that the Maniuis of Worcester was acquainted with the metlKKl of forming 
a vacuum by condensing steam in close vessels; and, indeed, that the prin- 
ciple was carried out in the engine erected by him at Vauxhall. That 
Savery introduci*d the principle in his engine, we have already shown; 
andecu, in his patent, he claims ‘‘ the method of making a speedy vacuum by 
condensing steam.’’ Savery stated that lie discovered the method by plunging 
a flask, which, with a little i^dne left in it, he had previously thrown in the 
fare, into a basin of cold water wlnle the flask was filled with vapour. The 
sudden condensation of the steam in the interior of the flask created a va- 
cuum, into which the >vater from the basin violently ruslied. Desagnliers 
has thrown discredit on this statement, by saying that the experiment 
could not have been carried out in the way explained by Savery, iuasmnch 
as tlie flask would be forced from hand by the rushing of the water 
entering the flask : of tins Savery makes no mention. A modem authority, 
however, states that this result, as indicated by Desagnliers, only happens 
under oertaiii droumstances, so that the statement of Saveiy cannot be 
impeiiohed on this ground. But another claimant has been put fmrward for 
the honour of the disoovery of the principle of the formation a vaouiim 
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by the coodensatioii of steam. This olaimaat is the well-knovn Denis 
Papin. Denis Papin was bom in France. Being a Protestant, he was 
forced to leave France on the revocation of the edict of Nantes, and coming 
to England, was employed by the celebrated Mr. Boyle to assist him in his 
experiments. In 1680 he was elected a meml)er of the Itoyal Society. It 
was during his stay in England that he invented his celebrated ** digester,*’ 
in which, with the aid of high-pressure steam, ho dissolved bones, &c., and 
to which apparatus ho applied the im}H)rtm)t contrivance known as the 
‘‘safety-valve:” this, under several modifications, is in use at tlie present 
time. In the form of a “ riddle to stir up those tliat are ingenious in the 
same kind of learning, and make them find sometimes better things than 
what is propounded,” he exhibitetl in 1G85 a model of a machine for rais- 
ing water; and in the solution which he himself gave of it, it ap{K*ars “ that 
the water wjis raised by rarefying the air in tlie vessel, into which it was 
impelled by the pressure of tlu* atmosphen‘ on the water iu the cistern. 
The mode by which he rarefied the air was carefully concealed. In two 
of the solutions the same eflect was produced by condensing it.” On l)eing 
ap|iointed to the Professi>rsliip of Mathematics at Marburg, in Gennany, 
he left England in 1687, in which country, although he ranked high as a 
man of science, he had gained little encouragement in the carrying out of 
his schemes. In Westphalia and at Auvergne he was employeil to raise 
water by his machines; but he failed in doing so. This result was pre- 
dicted by the celebnited Dr, Hooke. Having attempted a variety of ine- 
thotls of working machines, he, amongst others, tried the method of pro- 
ducing a vacuum by condensing the vafwmr proiluced by the combustion 
of gunpowder iu a vessel. This, however, proved unsatisfactory. In 1690, 
in the Acta Enulitorum of Leipsic, he proposed a method of raising water 
by condensing steam in a cylinder. The following is a diagram illustrative 
of the arrangement projiosed by Papin: let or/, fig. 11, be a cylinder sup- 
plied with a pr)rlion of water at c; a tight-fit- 
ting piston, the stem or rod of wbicli is passed 
through the cover of the cylinder; a lever e is 
pressed by a spring into a notch made in the pis- 
ton-rod in such a way that the piston is kept 
suspended near the top of the cylinder, when the 
part in which the notch is made comes alx>ve the 
cover; a small pipe / is passed through the 
cover and tlie piston, and is capable of being 
kept closed at its upper extremity steam-tight. 

The piston being allowed to fall to. the lower 
part of the cylinder, the stopper at tlie upfier 
part of the pijxi f is taken out, and water intro- 
duced beneath the piston to the space c. Fire is 
dien applied to the cylinder a; the steam thus 
];enerat^ raises the piston. On the notched 
mrt rising above the cover, the lever e is pressed % 11* 

nto it, which sustains the piston at the upper 

Murt of the cylinder. The fire is then withdrawn from the apparatus, 
md the cylinder being allowed to cool, the steam contained in it is oon- 
leused, and the lever e being withdrawn from the notch, the atmospheric 
tressure forces the piston to the lower part of the cylinderi carrying 

c 
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it wadi weights as may be attained to the rod apphed^ as in fig. 11. 

A mere glance at mode of operation of this engine — if oigine it 
can be called — ^will auffice to show how incapable it is of being made a 
practically working apparatus. And yet it is really marvellous how, on 
^e verge of a great discovery, Papin was content to pursue his investiga-' 
tiicms no further, and to abandon bis pursuit at the moment he had hud 
^ foundation of the splendid mechanism of the lever engine, and had in 
his grasp a brilliant reward for a life of labour.” With reference to the 
claim put forward by the advocates of Papin and Savery as to their disco- 
very of the principle of the formation of a vacuum by steam, it is very evi- 
dent that neither could substantiate his claim, the fact that a vacuum 
could thus be formed being known long before their time; long before, 
indeed, the principle of atmospheric pressure was established. Hero, 
Porter, and De Cans were aware of this fact. With reference to the charge 
which has been put forward against Savery, that he merely carried out the 
ideas of Papin, it is enough and perfectly satisfactory to know, that what- 
ever might be the extent of the infonnation Savery derived from the labours 
of others, he was the first to introduce a practically useful engine — distinct 
in many of its features from the scheines of others, and preserving those 
very qualities which took it out of the category of philosophers’ toys or the | 
** riddles” of men of science, and placed it in that of beneficial agents. And '! ; 
perhaps no better tribute can be paid to the value of Savery’s engine, than » 
fiwjt that Papin was so ** thoroughly convinced of the superiority” of it 
that he abandoned his own contrivance, and adopted Savery's.* 

* The following if a diagram illuKtrative of what ha« been ascribed to Papin as a 

later invention ; be, however, ascribes it to the ingenuit}r of the Elector of Hesse, under 
whose patronage he carried on his various experiments. Let a (fig. 12) be a boiler pro* 
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vided with a ^ety*ra]ve (not shoirn ia the dii^pw), through which it it npplied with 
water ; the pipe with stop-cock, connects it with the receiver tf. In this receiver a 
hollow floater, or piston, it plaoed, containing a cylinder ; this cylinder is inseittd in its 
place in the floater through the aperture / In the top of the receiver, which apectpe is 
closed with a lever valve, as in the diagram, c is a fttnnel through whteh water is intio* ; 
duced to the receiveft dened by a cock m ; the flnving* vessel or receiver d is omtinued ^ 
upwards to p, and is passed up near to the top of the atr-reesel A The water which it / 
fbrced into the vessel » is led off to its destinatioa through the pipe I The stream fnm f 
the boiler e is allowed te pass into the forring-vewel ) priusing on the upper aide oC tbe 
piston, it presses it down, aad the water paaese into the leeelvet ib On the ‘ ‘ 
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We now appit)ach the period of introduction of a steam-«!ig§ne of a still 
higher range ^ praoticai ’^ue than Savefy*a Before |MX)oeeding further, 
however, it vrill be neceesarj to point out a few of the defects of Saverj’t 
engine. In the first place, the danger of using the engine was oonsideral^e, 
from the high pressure at which steam was used, and fh>m there being 
no provision made for its escape on its reaching a given point. Comparing 
it Mrith that now adopted in certain circumstances, the pressure was not in 
itself great; but the fact must be taken into consideration, that die state of 
the mechanical arts as then existing rendered it a matter of extreme diffi- 
culty, if not altogether an impossibility, to procure boilers and vessels so 
strongly and correctly made as to lx» considered, under the circumstances 
of usual working, safe. In the second place, the cost of working the engine 
was very great, from the large ex[>endituro of fuel necessary to obtain the 
desired effect. That this expenditure was excessive may l>e gathered fVom 
this consideration : As the vessel each time had to be filled with cold water 
rushing in to supply the vacuum, a certain amount of sU^am on being ad- 
mitted to force the water out of the vessel was condensed by coming in con- 
tact with the cold surface, and the water had to 1)C heated for a small 
depth before the ** steam was strong enough ’ to expel the water fnim the 
receiver. The cold surface of tlie interior of the receiver with which the 
steam came in contact produced condensation to such an amount as to form 
rather a cttnsiderable item in the cost of working the engine. When to re- 
duce this loss the sides of the receivers were only moderately cooled, the 
vacuum in the interior vras so much imj)aired, from a rjuantity of vapour 
of considerable pressure remaining, that the effective height to which the 
water could be raised was much lessened. This, in fact, operated at all 
times to such an extent as to limit the pressure of the atmospheric column 
to twenty or twenty-one feet. There Wiis still another objection, and that 
a serious one, namely — the plan of w'orking the engine by o^HUiing and 
shutting of cocks through the agency of the attendant, the efficiency of the 
engine being thus defwndent on Jiis carefulness and attention. 

We have already explainc<l the arrangement by which Papin proj>osed 
to use the vapour of waUT by making it act on the surfiice of a piston 
moving in a cylinder. This arrangement, although defective, contained, 
as w'e have noticed elsewhere, the germ of the steam-engine in its practi- 
cally working condition; and this nufchanism of a piston and cylinder was 
that which was destined, under the hands of succee<lirig inventors, to l)e an 
important feature in the modern stoain -engine. The inventor who adopted 
tins mechanism, and whost* engine we are now al)out to notice, is well 
known in the history of tlie steam-engine as Thomas Newcomen, iron- 
monger, of Dartmouth. In conjunction with John Cawley, glazier, of the 
same place, — to whom, according to Desaguiiers, he communicated his pro- 

reaching to the bottom of the reieel or the limit* of it* play, the tto^coclc / it closed 
to prevent the farther flenr of eteam into d, and the ateam remainins in d ht allowed to 
paas oif by opening the cock s, Bimultaneonsiy with the opening of toe cock t, the cock 
fs i* opened, which admit* the water from the receiver c to pM into and fill the forcing 
vessel d, rauiing at the same time the piston ; the water in A b prevented fi’om descono- 
ii^ by a valve placed on the pipe g. The cylinder which b pbced in the fioating 
jMbon b inserted through the valve / in a red-hot state; thb makes the steam hotter* 
The oir-vemel k tend* to keep up a conlinuou* stream through the piM i. Thb air* 
vessel VIS not, however* comMered easentbl, for an en^e fiamed imhont It rabid 
r iato a reaervoir sevealy foal h%liw 
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had been prosecuting a aeries of experiments on the power of 
steam* In the course of his laboum he had written to the celebrated Dr. 
HookOt a well>known savant and intimately acquainted with the contriv- 
anoes of Papin, with reference to his project Dr. Hooke, in a letter to 
Newcomen, dissuaded him from expending time and labour in endearour- 
ing to produce motion on Papin's plan, t. e. by piston and cylinder; and 
txmde use of the remarkable expression, “ could he (referring to Papin) 
make a speedy racuum under your piston, your work is done.” This ex- 
pression shows that Dr. Hooke must have been ignorant of the great 
rapidity with which steam is condensed by contact with a cold body ; or 
firom being convinced that Papin had not been able to effect tlie arrange- 
ments which he claimed as his own. Nothing daunted, however, by this 
most discouraging opinion from one who ranked high as an authority, 
Newcomen and Cawley still prosecuted their experiments, which ultimately 
resulted in the bringing out of a machine, the component parts of wbicn 
are still retained in one of the many forms of the steam-engine. In the 
patent granted to Newcomen and Cawley in 1705, the name of Savery was 
included. This arose from the fact that the latter was in possession of a 
patent for a method of making a 8j>eedy vacuum by condensing steam.*’ 
It does not appear, however, that Savery aided in carrying out the plan; and 
it is now conceded that, save receiving a portion of the profits, he had no 
further connexion with the scheme; to the other patentees, therefore, must 
the honour of the invention Ixj piud. It is right, however, to state, that the 
assistance which Cawley rendered is unknown; and it appears probable 
that Newcomen was the principal party to whom the invention and its 
principal details were due. 



The nature of the action and arrangements of the as frrst intrq- 
tinoed by Newocunen may be gathered the diagram in fig. 13 . Let o 
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be the tonace heating the boiler h; c h pipe oonvepng the steam to the 
interior of a cylinder rf, the upper end of which is open to the air, in 
which a piston e works ; this is attached to a lever / oscillating in the 
centre and having at its other extremity h a weight, as a pump-rod 
weight^, which, acting as a counterpoise, pulls the piston up to the top of 
the cylinder. Now supposing steam to be introduced to the interior of the 
cylinder, and thereafter to be condensed by throwing cold water over the 
exterior surface, a vacuum will be produced in the cylinder; and the at- 
mosphere pressing on the upper side of the piston will force it downwards ; 
and pulling down the end / of the great l)eam, will raise the end A, and 
along with it the counterpease-weight or pump-rod there attached. The 
power of this engine will obviously depend on the surface of piston, the 
atmosphere exerting a pressure of about 14*75 lbs. on each square inch. 
Supposing the piston to be 50 inches in area, the weight which the engine 
would be able to lift would be nearly 800 lbs. This is the theoretical view 
of the case; the practical one widely diR'ers. The effect obtained, as above 
noticed, depends on the absence of friction and the perfect formation of a 
vacuum. None of the^e desiderata, in the earlier stages of the engine, could 
be obtained. To reduce the friction of the piston moving in the cylinder, 
tlie piston was provided with “ packing” placed round its ^ges, and made of 
hemp or Jeatlier well -lubricated. The friction, however, of the piston and 
working- beam was of so considerable an amount, that it detracted much 
fium the working capabilities of the engine. The biul formation of a vacuum 
also reduced its working-jwwer. When the void was imperfect, the vapour 
remaining in the cylinder resisted the atmospheric pressure in proportion 
to its tem{)eraturt^; this l>eiiig tanUmount to reducing the weight which 
could be lilUid at the end of the beam. The fall of the cylinder was also 
prevented to a certain extent by air, which entered irito the cylinder along 
with the steam from tlie Ixiiler; this air not being condensed by the cold 
water, reniaintxl in the interior of the cylinder, and operated as an opposing 
power to the descent of the piston in jirojKirtiori to the amount. This de- 
fect, which was termc*d continued to increase in power with 

the operation (d’the engine; and unleas means had beerj afterwards adopted, 
the air would have so increased in volume us to stop the motion of the 
engine. The form of engine introduced at first by Newcomen resembled 
in some points that of Papin; an essential difference l>etw(*en them will, 
however, be obvious on consideration. In Papin s engine the piston was 
raised by the force of the sUram; it retjuired therefore, to l>e of a pressure 
considerably above that of the atmosphere. In Newcomen's engine, how- 
ever, the steam was used at the ordinary pressure, or 212% and only as a 
means of producing a vacuum beneatli the piston, and thus aiding the 
atmospheric pressure by the improved mechanical means. The substitu- 
tion, moreover, of the l^am and connecting-rods opentxi the way to a great 
numl>er of applications. Hence it will l>e observed that the name, ** atmo- 
spheric engine,” by which Newcomen's contrivance was known, was not so 
inappropriate. 

We now proceed to detail the various improvements introduced ftom 
rime to time, which resulted in bringing the atmospheric engine to com- 
parative perfection. And fimt, as to the method of forming a vacuum in 
the cylinder. As in the engine already described, the cold water, to produce 
rite vacuum, was originally riuown over the exterior of llie cylinder. This 
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jjlaa *wai prodncdve of much loss of working effect, &om the drcumStaoce 
that the boiler, being placed immediately beneadi the cylinder, receired 
the plashingB of the cold water on its surface; this happening at every 
Stroke of the engine, tended to condense the steam in the boiler. To 
obviate this, the cylinder was surrounded with an outer case, leaving a 
space between it and the interior cylinder. Into the space thus formed 
tne cold water was introduced. A practical inconvenience was soon dis- 
covered to attend this plan, as the water soon became heated, and there- 
fore comparatively useless in producing a vacuum in the interior of the 
cylinder. Again, it was necessary that, during the time when the cylinder 
was being filled with steam, the water in the space should be nearly of the 
same temperature as the steam. Means, therefore, were adopted by which 
this hot water was quickly withdrawn from the space as soon as the cylinder 
was filled with steam, and also for refilling the space as quickly with cold 
water, to produce the vacuum. These desiderata were effected by supply- 
ing the cold water from a cistern placed immediately above tlie cylinder, 
and by leading a pijHJ from the space between the cylinder and its casing 
to a small reservoir. The lieated water thus obtain^ was conveyed to the 
boiler, compensating in some measure for the loss of power from causes 
already named. It is evident that if no means were taken to prevent it, 
the sticcessive condensations of the steam in the interior of the cylinder 
would produce water, which in time would fill it. To remove this water, 
a pipe was inserted in the bottom of the cylinder, and conducted to a dis- 
tance of at least thirty feet below it. It was necessary to take this so far 
down to counteract the force of’ tlic atmosy)horic pressiu-e ; as the pipe com- 
municattKl with a vacuum, the water in the cistenq with which the educ- 
tion-pipe was connected, would l>e forced lato the cylinder, unless the column 
of water in the tube or eduction-pi{>e was of sufficient length. 

The air which found its way to the interior of tlie cylinder w’as ejected 
into the atmosphere through a pipe furnislu'd with what was called a snilll- 
ing-valve, opening upwards into a kind of cup containing water ; the piston 
descending forced the air through this, the water surrounding it keeping it 
tight aflcr the air e8ca]>ed. The piston was rendered tight, and air pre- 
vented from finding its >vay to the interior of the cylinder, by a small 
quantity of water placeil on its upper side, tliis supplied by a small 
pipe leading from the cistern above the cylinder. The pipe leading from 
the boiler to tlie cylinder was furnished with a cock, by which the supply 
of steam was regulated. 

The openition of the engine, as thus oonstructod, is easily understood. 
On the sU^n Iwjing raised at a temjajrature of 2 1 2®, and the cock on the 
•team-pipe opened, tlie counterpoise — suppose this to be the weighted rod 
of a pump for witiidrawing water from a mine — draws Uie piston to the 
top of the cylinder; the supply of steam is then shut off' by turning the 
cook on the steam-pipe to its original position. The cold water is now 
admitted to the space l>ctween tlie cylinder and its casing, the steam under 
tlie piston being condensed ; the atmospheric pressure on the upper side of 
the piston forces it downwards, drawing along with it the end of the beam, 
and rabing the o^ier, and also the water in the pump; tKe cold-water 
cook is then shut, and the steam opened. An equilibrium being thus re- 
stored on both dim of the piston, the counterpoise draws it up to the top 
cf the cylinder; Ae cook of the pipe for wiUuhrmwing the hot water Aram 
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Ihe space around the cylinder is opened, and the water descends to the 
cistern; the cold-water cock is immediately opened, and the condensation 
being effected, the piston descends as before. 

In the spring of 1712 Newcomen succeeded in obtaining a contract 
for drawing water from a mine at Wolverhampton. The account given by 
Desagidiers of the difficulties encountered in bringing this engine to work 
is very curious: “After a great many laborious attempts having been 
made, he at last made tlie engine work ; but not being philosophers enough 
to understand the reasons, or mathematicians enough to calculate the 
powers and proportions of the parts, they very luckily found by accident 
what they sought for. They were at a loss for tlie pumps ; b.ut being so 
near Birmingham, and having the assistance of so many admirable and in- 
genious workmen, tliey soon came to the method of making tlie pumps, 
valves, clacks, and buckets, whereiis they had but im imj)ej*tect notion of 
them before.” The erection of this engine was tlie occasion of an improve- 
ment of great importance being accidentally discovered. The imj>rovement 
consisted in a quicker means of obuiniiig a vacuum. As before described, 
the piston was kept tiglit by water playing on its upper surface; on the 
first trial of this engii.e, it made several strokes in quick succession. 
“ After a search, they found a hole in tlie piston, which lei tJie cold uniter in 
to condense the steam in the inside of the cylinder. The method of effecting 
tlie condensation w'us therefore changed; and eircctcd hencef(»rth by inject- 
ing cold water into the interior of the cylinder. The diagram in fig. 14 
shows this arrangement: a a the cylinder, ^ 
the piston, c a pijie le;nliug from the cold- 
water cistern, and provided with a cock to 
regulate the supply; the lower (*.\tremi!y of 
this pi[)e is inserted in the Ixittorn of the cylin- 
der, and tlie water is delivered in the form of 
a jet dy and, diff using itself among the steam, 
the condensation i.s quickly effbeled; e the 
snifting-valve and pi]>e; /' the [»iptj dtt feet 
longf for tiiking away the hot -water from the? 
cylinder. This j»lan of uhtaining a (|uiek con- 
densation sugge^sted also a means of regulating 
the S|)ced of the engine in cases where tlie 
weight to be lifted was variable, by throwing 
in a greater or less quantity of injiiction-W'ater, 
thus producing a vacuum more or less jier- 
fect Notwdthstauding the very gr*;ut im- 
provemeuts thus effected from time to time, 
the atmospheric engine at this stage of its ^8 

progress was much restrictc*d in its useful- 
ness, and this from the unremitting attention which its o[>ernlion de- 
manded from the attendant. “ When, for iustanct;, the attendant opened 
the steam'Cock, he was obliged to w'atch tlie descent of the piston, and 
at the instant when it was elevated to tlie proper height, it was to be again 
quickly shut, and at the same moment tlie injcction-cock was to be opened. 
If the one did not follow the other, there resulted a great lots of vapour, or 
cf effect; and this difficulty was further increased by the irregulajr jproduc- 
tion of the steam itself, from the varying intensity of tlie heat the furnace. 
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After Ibe injection hnd condensed ihe steam, and the piston was at Hlaer^ 
to desomd, if the communication between the boiler and the cylinder was 
not opened at the precise instant when it had reached the limit of its down- 
ward movement, the immense weight on the piston, falling into the vacuum 
with a great velocity, would shake the apparatus to pieces. All this preci- 
sion was required too from a mercenary attendant fourteen times every 
minute, at the hazard of the total destruction of the apparatus.” It is 
obvious, then, that the further and more extended practical introduction of 
the engine depended on some method being discovered of making its move- 
ments self-acting. According to Desaguliers the honour of the invention 
of the selfacting movements is due to an idle boy of the name of Humphrey 
Potter, an attendant on the engine. The following is the statement: “It 
was usual to work with a buoy in the cylinder, enclosed in a pipe, which 
buoy rose when the steam was strong, and opened the injection-pipe, and 
made a stroke, whereby they were only able, from this imj)erfect mechan- 
ism, to make six or eight strokes in a minute, till a boy named Humphrey 
Potter, who attended the engine, added what is called a scoggan, a catch 
that the l>eam or lever always <*pcned ; and then it would go fifteen or six- 
teen strokes in a minute.” “ To scog,” says a winter, in explanation of 
the term, “ is a verb found in certain vocabularies throughout the north of 
England, implying to sculk ; and this young gentleman, impelled by a love of 
idleness or play common to Iwyhood, and having liis whs about him, after 
some meditation, devised this contrivance, by which so important an im- 
provement was effected, and himself allowi*d the means of scogging for his 
own diversion.” Whether this is the correct account of the origin of tliis 
improvement, it is difficult to ascertain; certainly the statement of Desagu- 
liers has never been proved to be wrong. In the year 1718 an engine was 
erected having self acting movements, t^vined “ hand-gear,” the invention of 
Mr. Henry Beighton, an engint'er of Newcastle, and which consisted of a 
series of tappets ojxirated on by the l>eam, and by which the various cocks 
were opened and shut as required. The following is a description of the 
means employed for this purpose: The entrance to the steam-pipe was 
covered with a sliding-valve placed inside the boiler; tliis valve was 
worketi by a lever attacluxl to the spindle of the valve which projected 
through tlie top of the Innler, as in fig. 15, where a is the steam-pipe, b 
the sliding-valve, the spindle of whicli passes through c, and is w’orked by 
the bent lever d. To this Writ kver a horizontal one f, fig. 16, is con- 
xiecte<i; the other extremity is formed into a fork at/; a spindle joins the 
two extremities of tlie fork ; and two stirrups, as at ^r, connected each side 
of tlie fork with an axle rotating on the centre A. This axle was made to 
move by the pins in the beam « n striking the ends of the spanners k m, 
which were firmly fixed in the axle ». On the axle, at a {xisition between 
the two prongs, a lever culled a tumbling-bob was fixed, having a Y-end, or 
two projecting arms 1 1, and a weight at the other. The injection -cock was 
opened and shut by the mechanism showm in fig. 1 7. Let a a be Hie beam 
corresponding to « », in fig. 16, having projecting pins which strike the end 
of the lever terminated with a toothed quadrant taking into a second 
quadrant, fixed on the spindle of the injection -cock. The following is the 
operation of the a^^fiaratas: on the beam n » falling, a tappet, or projecting- 
pm, strikes cme of the spanners k; this turns the axle vibrating at n, ai^ 
oanses the tombling-bob to fall over with considerable fiiroe, one o£ the 
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arms t striking the bar which joins the two prongs of the fork «/; this 
polls forward the lever s towards the beam, and opens the steam-cook 6, 



% 17 . 


fig. 16. Simultaneously with the striking of the tappet on the spanner 1% 
another tappet strikCvS the end of the lever df fig. 15, and operating on the 
quadrants /ff, shuts the injection-eexjk h. The piston is now drawn up- 
wards by the counterpoise. On arriving within a short distance of the top 
of the cylinder, a tappet strikes the spanner rn, fig. 16, and causes the 
tumbling-bob to fall over, moving, as before, the levers from the l)cam; 
one steam-valve is thus shut, and by means of the tappets, lever, and 
quadrants, the injection >cock /r, fig. 17, is ojx*ned. By means of this con- 
trivance the atmospheric engine was rendered self-acting. Thus improved, 
the machine remtiined for a considerable fx^riod m bUUu quo. Minor im- 
provements were from time to time intrixlncwl; but it was reserved for the 
celebrated engineer John Smeaton to bring it to as great a state of pcirfec- 
tion as was possibly allowttd by the riature of its principle. In fig. 18 we 
give a diagram illustrative of the genera! arrangements of an atmospheric 
engine, after the introduction of the self-acting movements of Ikdghton, and 
anterior to the improveraents of Sraealon. 

In 1767, Smeaton was employed to construct an engine for the New 
River Company, and he avaiU^d himself of an opportunity of intnoducing 
several improvements. In calculating the proportions, on considering that 
the stoppage of water occurring at every stroke, and putting the piston, 
beam, and other appliances, from a state of rest Uo that of motion twice 
every stroke, resulted in a great loss of power, he determined to work the 
engine slower, putting on the piston all the load it would bear, working 
with larger^ pumps. In order still further to nsluce the velocity of the 
column of water in the pump-barrel, be made the beam raK^iliate on a 
centre out of its true centre ; the stroke of the piston being then nine feet, 
whilst that of the pnmp, which lilted thirty feet, was only six feet This 
arrangement necessitate the employment of a long narrow cylinder, eighteen 
inches in diameter: with these arrangements he increased the loial of the 
piston foom seven pounds to ten pounds and a half on the inch* From 
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tbe employmeiit of a long cylinder Smeaton contemplated gaining otlier 
adrantages, namely, “ tliat every part of the steam being nearer the surface 
of the cylinder, would be more really condensed; and, in consequence, that 



fig. 18. 


a less quantity of injection-water would serve the cylinder, which would 
itself be more heatinl.” Under these advantages Smeaton thought himself 
quite secure; “but liow great,” he writes, “ was my surprise and morti- 
hcation to find, Umt instead of requiring less injection-water than common, 
although the injection- pump was calculated to afiford as much injection- 
water as usual, in proportion to the area of the cylinder, with a s^cient 
overplus to answer all imaginable wants, it was .unable to support the 
migine with injection; and that two men were obliged to asmst to nuse 
fibe iqieotion^water quicker by hand, to keep the engine in motion. At 
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tke same time cylinder was so cold I could keep my hand upon any 
part of it, and bear it for a length of time in the hot well. By good for- 
tune the engine performed tiie work it was appointed to do, as to the rais- 
ing of water; but the coals by no means answered my calculation. The 
injection-pump being enlarged, the engine was in a state for doing busi- 
ness; and 1 tried many smaller experiments, but without any good effect, 
till 1 altered the fulcrum of tlie bejun so much as reduced the load ui)Ou 
the piston from 10^^ Jbs. to 8^ lbs. per inch. Under this load, though it 
shortened the stroke at the pump-end, the engine went so much quicker, 
as not only to raise more water, but m consume le^js coals; took less injec- 
tion-water, the cylinder became hot, and the injection -water came out at 
180° of Fahrenheit; and the engine, in every re8|)ect, not only did its work 
better, but went more pleasantly. This at once ctuivinced me that a con- 
siderable degree of condensation of the steam took place in entering tlio 
cylinder, and tliat I liad lost more this way by the coldness of the cylin- 
der tlian I had gained by the inenuise of load. In short, this single altera- 
tion seemed to have uufettertMl the engine. Hut in what degree this con- 
densation took place under different circumstances ol’ heat, and wluTe to 
strike the medium, so as upon the whole to do the best, was still unknown 
to me. Hut resolving, if |K>»sible, to make myself master of the subject, 
I immediately began to biiiitl a small tire-engine at home, that 1 could 
easily convert into different shapes for experiments, and which engine was 
set to work in 1769.” The result of the ex|>erimeut8 conducted with this 
engine ISmeaton airefully tabulate<l, and took as a guide to regulate Ids 
future practice. The engines of a large class which he afterwards erected 
fully veritied by their performance the cori ectness of his assumptions, and 
evidenced the practical care with which he liad, in this as in other matters, 
conducted his exj^iriments. In 1772 he was employed to construct an en- 
gine at Long Hentori Colliery, at Newcasth?, — and in this he introduced the 
several improvements sugge.ste<l by his experiments, — similar in construc- 
tion to that intriKluced by Heighton; it was, liowevcr, “distinguished by 
juster proportions and greater nicely of detail than liad yet Iteen realised; 
and the innovations thus intrcxluced were found to be highly lieneficial in 
practice.” The engine erecU^d by Smeaton, and known as the “ Chacewater 
Engine," was the most celebrate<l of his perfirmances. We give, in fig. 19, 
a diagram showing the arrangements, derived from a plat4; in SmeaUms 
JtejHft'U (vol. ii. plate 11; [mblished by Walton and Maberly, Pnteniosmr 
Itow). The diameter of cylinder wtis 72 inches, h;ngth of stroke 9 feel; 
making 9 strokes |)er minute with its full loa^l of &1 fathoms of pump; 
capable of turning out j)er hour, from working barrels full 16j inches, 800 
hogsheads of water, wiUi a consumption of 1 5 bushels of coal, lAindon mea- 
sure, per hour. Calculated according U> the modern fomiula?, tlie |K>wer 
of this engine may be taken at 76 horses ; but I’rom Mr. Smeaton’s state- 
ment, he estimated it at a higher rate. He says: “ This engine, though 
not the lar^t that has been built, will be of oonsidembly greater power 
than any 1 have seen; and, when worked at its full extent, will work with 
a power of 150 horses acting together; to keep which power throu|;houi the 
twenty-four hours would require at least 450 horses to be matntained.** 
Although there is nothing in connexion with the improvement of the atmo- 
Sfdieric engine which can be said to be the invention of Smeaton, still the 
piaise is due to him of ^ giving the most periect ffsrm and proportioii 
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to tlioie materials supplied by his predecessors and contemporaries.’* ** The 
improrements*’ — we quote from the Artizan treatise — “ introduced by Sroea- 
ton chiefly resolre themselves into greater care in the construction of the 
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engines, and a better proportion and arrangement of the lK>iler; and involve 
neither the application of any new principle, nor any great ex})enditure of 
ingenuity, liefore Smeaton's time, tiie miuiufactiire of Uje engines was in 
the hands of very ignorant mechanics, w ho did not know the diilerence l>e- 
tween power and force ; and their perpetual aspiration was to make the 
piston exert a great force, without taking into account the velocity of the 
movement necessary to make it operate efiectively. It was very rarely the 
case that the engine was adequately supplied with steam j and when an 
engine was found incompetent to its work, in consequence of this inade> 
quacT, it vras generally provided with a larger cylinder, which only aggm- 
Tated the eviL Then the cylinders were very ill*bored; and the cood^« 
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sation irom the water lying on the top of the piaton, as well as from water 
escaping past it, was very considerable ; while» at the same time, the 
pislibn rarely travelled a sufficient distance in the cylinder; and a great 
deal of steam was lost every stroke by filling a useless vacuity. The boil- 
ers, besides being too small, were generally badly set, the bottom being too 
far from the fire; and the firing was badly conducted, the coals being piled 
in a heap on the middle of the grate, instead of being spread evenly over it. 
The injection-cistern was generally set too low, by which means Uie water 
was not adequately dispersed within the cylinder; and the valve-gearing 
was for the most part so constructed that the n^giilator did not open fully, 
by which means the steam was throttled, and a heavy counter-weight was 
necessary to suck the steam into the cylinder, whicli of course had after- 
wards to be raised at an expenditure of power.” The correction of these 
faults Avas left for Mr. Smeatou to effect. 

Such as we now leave it, was the degree of perfection to which the 
steam-engine had arrived. The principles of its action apparently pre- 
cluded the attainment of a higher degree of practical usefulness; and it re- 
mained for a brighter genius and a more original mind, than was j)088e8sed 
by any of those who hatl hitherto directed their attention to the subject, to 
thoroughly grapple with, and to understand, its defects; and by op<*ning up 
a new path of discovery, to place the steam-engine, as a social power of 
rare value, in the high position to which its wonder-working powers has 
fairly entitled it. 
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CHAPTER 11. 

THE HISTORY OF THE INTRODUCTION OF THE MODERN STEAM- 

ENGINE. 

In the year 1786, at the little town of Greenock on the bank/ of the Clyde, 
Jaine« Watt was bom. Of a slender fomi, sickly api)earance, retiring and 
bashlul in his manners, and bearing with him no evidence of an intellectual 
capacity superior to his fellows, this youth, unaided by family wealth or 
station, or even by the adventitious aids of an early liberal education, was 
destined, during a long and active life, to be the means of introducing a 
power which aided this country inaurially during a time of difficulty and 
danger, and leave Ix^hind liim a name world -wide in its reputation. 

When about sixteen years of age, lie Viecarne acquainted with an obscure 
mechanic in Glasgow, who, ** by turns a cutler and whitesmith, a repairer 
of fiddles and a tun(*r of ‘ spinnets,’ was a usoiul man at almost every 
thing;” adding to this list of accomplishments “ a knowledge of the con- 
struction of mathematical instruments and of ‘ spectacle-glasses,’ he was dig- 
nified by the title of ‘ optician.’ ” To this individual Watt in his sixteenth 
year W'as apprenticed, chiefly, as is probable, more from the fact tliat it 
offered an easy calling suitable for his delicate health, than from any in- 
ducement it held out as that by which he could afterwards make a fair 
livelihood. Alter a short apprenticeship of less than two years, James 
Watt removed to London, where he succeeded in obtaining employment 
under a regular iiiatheniaticiil-iastruineut maker. Here he obtained that 
knowledge ot‘ business habits and processes which had been withheld from 
him in his earlier engagement His stay in London was very limited; and 
probably from a severe cold which he caught while following his avoca- 
tions, and tlie efitets of which he felt for many years afterwards, he re- 
turned to his native town after an absence of little more than a year. He 
next endeavoured to raise a business of his own, and began to practise both 
in Greenock and Glasgow. In the latter place he met with an obstacle 
which threatened to put a sudden stop to his progress; tliis arose from 
the fact that he wjis not a “ freeman,” or “ burgess,” of the town. One 
spot, however, existed, within the boundaries of which all such absurd 
laws and regulations were inoperative and harmless for evil; — this was 
the ** College of Glasgow.” By the kind offices of some of the dignitaries. 
Watt was appointed mathematical-instrument maker to the university; and 
a loom was allotted him within its precincts, in which he could carry on 
his avooatians without molestation. Thus was the apparently untowaid 
oircumstanoe amplT compensated ff;>r. And it is by no means idle to coa- 
jeoturs what would have been the results on the friture progress 0/ the 
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iteam-^ii^me bad that absurd law not been in existence which drove Watt 
out of what might be looked upon as the open path of commerce, to take 
rofuge in the place, of all others, the best fitted for, and ofifering ^e most 
eligible opportunities of, carrying on the series of experiments which by 
a fortuitous chain of circumstances were shortly presented to his notice; 
and by the success^ prosecution of which he was destined to make him* 
self so famous. 

In the year 1759, in this situation, Watt had his attention directed to 
the subject of the steam-engine through the representation of Mr. Robin- 
son, afterwards Professor of Natural Philosophy in the University of Edin- 
burgh, and author of the well-known work entitled Eletnmta of Mechanical 
Philo8oj)hy. The scheme proposed had reference to the moving of wheel- 
carriages by the aid of steam ; but in conse^juetice of Mr. Robinson leaving 
college, it was abandoned. Two years afterwards, however, Watt again 
returned to the subject, and instituted some experiments with a Papin’s 
digester; and formed a sort of steam-engine by fixing ujxin it a syringe 
one-third of an inch in diameter, and furnished,” says Mr. Watt, whose 
own account we now quote, “ also with a cock to ailmit tlie steam from 
the digester or shut it off at ph'asure, as well as to open a communication 
from the inside of the syringe u> the ojwn air, by which the steam con- 
tained in the syringe might escaiic. When the communication Ixitween 
the cylinder and digester was ojK^ned, the steam entered the syringe ; and 
by its action upon the pisUm, raised a considerable weight (15 lbs.), with 
which it was lo^ed. When this was raised as high as was thought proj^er, 
the <K)mmunicalion with the digester was shut oft', and that with the atmo- 
sphere opened; the steam then made its escape, and the weight descended. 
The operations were repeated ; and though in this experiment the cock was 
turned by hand, it was easy to sih? how it could be done by the machinu 
itself, and make it work with perfect regularity. But I soon relinquished 
the idea of constructing an engine u[)on this principle, frtim being sensible 
it would be liable to some of the objections against Savery's engine, namely, 
from the danger of bursting the fniiler, ami the diiriculty of making the 
joii^ ^^ht; and also that a great part of tlie power of the steam would 
be lost, because no vacuum was formed to assist the descent of the piston.” 

Two years after relinquishing his exi>eriment, os alxive stated, his 
attention was again directed to the subject, by a model of a 8team>engine on 
Newcomen’s plan, belonging to the Natural Philostiphy class, l)eing placed 
in bis hands to he repaired (1703*4). At first directing his attention to 
tiie dry matter-of-fact details of the task he had intrusted to him, his active 
mind received a new impulse from the result of one or two trials of the en- 
gine, and he directed the full energy of his intellect to master the principle 
of the machine, and to ascertain the cause of its defects as an economical 
prime-mover. In conducting the experiments, two things attracted his atten- 
tion; the first was the gn^at loss of steam from the condensation caused by the 
cold surface of the cylinder; secondly, the great quantity of heat contain!^ in 
a small quantity of water when converted into steam. If a quantity of water is 
healed in a close boiler some degrees above the boiling-point, and the steam 
inilfored to esoa[^ suddenly, the temperature of the boiling-water remaining 
in the boiler be reduced to the ordinary boiling-point. The steam, 
however, idiieh escaped, aithongh carrying off all the excess of heat, would, 

I If e o ndensedi form btit a small quantity of water. The saving ci4m heal 
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was therefore a matter of the highest im^rtance. The lose of steam oc- 
by the alternate heating and cooling of the cylinder was sufficient 
to fiU the cylinder three or four times, and to work the engine. “ By means 
of a glass tube inserted into the spout of a tea-kettle, he allowed the steam 
to flow into a glass of cold-water until it was boiling hot. The water was 
then found to have gained nearly a sixth part by the steam which had 
been condensed to heat it, and he drew the conclusion that a measure of 
water converted into steam can raise about six measures of water to its own 
heat, or eighteen hundred measures of steam can heat six measures of 
water.” Hence he saw that six times the difference of temperature, or 
fully 100 degrees of heat, had been employed in giving elasticity to steam, 
and which must all be subtracted before a complete vacuum could be ob- 
tained under the piston of a steam-engine.” “ Being struck,” says Mr. Watt, 
** with this remarkable fact, and not understanding the reason of it, I men- 
tioned it to my friend Dr. Black, who then explained to me his doctrine of 
latent heat, which he had taught some time before this peri^ (summer of 
1764); but having been occupied with the pursuits of business, if I had 
heard of it 1 had not attended to it, when I thus stuinbltHl upon one of the 
material facts by which that l>eautiful theory is supported.” In making 
his experiments. Watt found that the boiler of the model, although large 
enough according to the standard then in use, did not supply steam fast 
enough for the wants of the engine, which had a cylinder two inches dia- 
meter and six inches stroke. The vacuum too was very imperfect, yet 
required a large quantity of injection-water to effect it. These defects he 
attributed to the fact that a small cylinder consumed a greater quantity of 
steam than a larger one, in consequence of the condensation caused by the 
increased surface in proportion to its capacity. This defect he sought to 
remedy by substituting a cylinder made of materials which would conduct 
heat more slowly than brass, of which the model cylirider was made. For 
this purpose he constructed one of wood soaked in linseed-oil, and baked 
dry. Tms, however, was a failure, for in addition to its want of durability, 
an essential featun; in practice, it was found to condense the steam as 
much as before. The principal loss sustained was, tlierefore, by the alter- 
nate heating and cooling of the cylinder; and the conviction was forced 
upon him that the grand secret lay in being able to effect the condensation 
of the steam without cooling the cylinder. To tlie atuinment of this Watt 
directed his whole energies, and in the year 1765 the felicitous idea struck 
him, ** that if a communication were opened between a cylinder containing 
steam, and another vessel were exhausted of air and other fluids, the 
steam, as an expansible fluid, would immediately rush into the empty 
veMNftl) and continue to do so until it had established an e(]uilibrinm ; and 
if that vessel were kept very cool by an injection or otlierwise, more steam 
would continue to enter until the whole was condensed.” This brilliant 
idea was soon put to the test of experiment and found correct; and thus was 
solved the great problem which had for so many years perplexed and 
baffied his predecessors. It is said, that as soon as this happy thought 
had been realised, all the train of details necessary to carry it into effi- 
cient practice followed in rapid succession; and that not for a m<m&A had 
he any hesitation in conceiving the rapid and imme^te perfecting of the 
whde machine. In carrying out the idea into praciioe, the first difficult 
^ presented itsdf to the mind d'Wau was, doubtless, a means of 
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ing tbe o<mdei»er fiom the accumulated water which would result the 
successive condensation effected in it. This might, of course, be drawn 
away hy the simple force of gravity, by using a pipe thirty feet long, as 
iu Newcomen*8 engine. This plarf, however, would not be eiTectual for re- 
moving the uncondensed steam, or the air that might find its way into the 
condenser. Some other plan was therefore desiderated. Watt proposed 
and adopted a pump which would draw off the contents of the condenser, 
this pump being worked by the engine itself. This constituted another step 
towards the perfecting of the mechanism: otlicrs rapidly followed* The 
next improvement was surrounding the cylinder with a casing, by which 
the heat would be retained. This of itself, however, would not effect the 
desired end ; he therefore, to prevent tlie action of the cold atmosphere on 
the upper surface of the piston and on the interior surface of the cylinder, 
which would necessarily be exposed on its descent, closed the top of the 
cylinder with a close-fitting cover, in the centre of which the piston-rod 
worked through an aperture rendered tight by what is termed a stuffing- 
box.” The necessity of adopting the next expedient suggested to him was 
thus made obvious ; and in place of the power of the atmosphere he employed 
the ** elasticity of the steam fi'om the boiler to impel the piston down the cylin- 
der*^ By tills arrangement the method adopted of keeping the piston tight, 
by having water on its upper surface, was precluded from use; and instead, 
Watt adopted a hemp-packed piston lubricated with tallow. Thus, by 
successive improvements, the atmospheric engine was changed into a 
‘‘ steam-engine.” 

Before illustrating the improvements introduced by Watt, we propose to 
trace further the points connected with its history. Altliough the claim of 
Watt to die originality of the id(ja of 8t*parate condensation is now generally, 
if not universally, acknowledged, still it is but right to notice that of 
another party to this high honour. The claim is put forward by Mr. 
Homblower, a rival and contemporary of Watt, in Gregory’s Mechanics 
(vol. iL first edition, p. 862), in the following statement; Al>out the time 
that Mr. Watt was engaged in bringing forward the improvement of the 
engine, it occurred to Mr. Gainsborough, the pastor of a dissenting congre- 
gation at Henley-upon-Thames, and brother to the painter of that name, 
that it would be a great improvement to condense the steam in a vessel 
distinct from die cylinder where the vacuum was formed ; and he under- 
took a set of experiments to apply the principle he had established ; which 
he did by placing a small vessel by the side of the cylinder, which was to 
receive just so much steam from the boiler as would dischaige the air and 
condensing water, in die same manner as was the practice from the cylin- 
der itself in the Newcomenian method, that is, by the snifling-valve and 
dnking-pipe. In this manner he used no more steam than was just ne- 
cessaiy for that particular pur[>o8e, which, at the instant of discharging, 
was entirely uncommuuicated with the main cylinder, so that the cylind^ 
was kept constantly as hot as the steam could make it. Whether be closed 
the cyluider, as mx. Watt does, is uncertain; but his model succeeded so 
well as to induce some of the Cornish adventurers to send their engineers 
to examine it; and their report was so favourable as to induce an intendan 
of adopting it. This, however, was aocm after Mr. Watt had his act of 
pariiaii^t passed for the extension of his term; and he had about the 
same time mde proposals to the COTnish gentlemen to send bis engine into 
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l3uit county. This necessarily brought on a competition, ^n which Mri 
Watt succeeded ; but it was asserted by Mr. Gains^rough, that the mode 
of condensing out of the cylinder was communicated to Mr. Watt by th^ 
officious folly of an acquaintance, who was folly informed of what Mr. 
Chiinsborough had in hand. This circumstance, as here related, receives 
some confinnation by a declaratiqn of Mr. Gainsborough, the painter, to 
Mr. More, late Secretary to the S^iety for the Encouragement of the Arts, 
who gave the writer of this article the information; and it is well known 
that Mr. Gainsborough opposed the petition to parliament through the 
interest of General Conway.” Much doubt is, however, thrown upon the 
accuracy of this statement, from the fact, that Mr. More, the gentleman al- 
luded to, in a trial, Bolton v. Bull, distinctly stated on oath, that he “ never 
saw the principle laid down in Mr. Watt’s specification either applied to 
the steam-engine previous to his taking it up, or ever read of any such 
thing whatever.” It is not now an easy matter to reconcile this contradiction 
witli the statement of Mr. Hornblower. Having given a brief statement 
regarding the claim made to the honour of the discovery of separate con- 
densation, we now proceed to note the various steps m the liistory of 
the introduction of Watt’s steam-engine. 

Having satisfied himself as to the correctness of his principle. Watt 
proceeded to test it still further by the aid of a model on a large scale. 
11m cylinder of this model was 0 inches diameter, and the piston-rod was 
attached to a balanced beam. An accident, however, occurred, which, 
along with his want of mmins, a.s well as of time to pmsecute liis experi- 
ments, brought his labours to a close. Having taken up the practice of a 
land-surveyor and engineer, and his time Ixdng pretty fully occupied, the 
invention lay donnant on his hands for three or four years. His^silence 
on the matter doubtless procecKlcKl from a variety of causes, the principal 
of which w’as, likely, the fact, that as a fair trial could only be given to nia 
engine on a large scale, the risk of bringing it out would be too great, the 
apparatus required being exceedingly costly. From Watt’s practice as an 
engineer, he l>ccamc acquaintc‘d, however, with the celebrated Dr. Koe- 
buck, an enterprising English gentleman resident in Scotland. An able 
practical chemist, he had succeeded in discovering a method of making sul- 
phuric acid at a comparatively low cost; and being possessed of business 
habits and qualities of the first order, he succeeded in establishing at 
Preston pans, near Edinburgh, a manufactory, iu which the process was 
carried out on a large scale. The profits accruing from this establishment 
were such, that he gave up the practice of his profession, and confined his 
attention to carrying out commercial projects on a large scale. He founded 
the celebrated iron- works at Carron, which, as a project, were highly sue- 
cessfol. Uiged by his success in this undertaking, he leased the estate of 
KinneO, a few miles from Carron,* and which contained extensive beds of 
coaL While carrying on his operations there with the same energy which 
diaraclerised his other proceedings, he became acquainted with Watt, who, 
no doubt, struck by his ability and business habits, looked upon him as 
^ one in eveiy respect calculated to aid the undertaking of bringing foe 
steam-^Ekgine into practice, and accordingly confided to him the secret 
of his disooveiy. Dr. Boebuok cemsented to bear foe expense of conduct- 
trials on a large scale; and Watt forfowifo proceed to eonstnidi 
m laige engine under his Infection. For a period of eig^t 
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ations and improFements succeeded each otbex/ until at last the engine was 
brought to a state of comparative perfection — so far, at least, as cotdd be 
attained, from the imperfect style of workmanship then avidiable. The 
engine was tried at a coal-mine on Dr. Koebuck*s estate; and such was the 
satisfactory nature of its operations, both as regarded ^e great saving of 
fu^ and the water used for condensation, that Dr. Roebuck was satisfied as 
to its powers and capabiliries> and closed with Watt, supplying the neces- 
sary funds to take out a patent,^ and to establish a manufactory for the 
production of the engines ^ the terms of partnership being, that the money 
for the above purposes was to be found by Roebuck, he obtaining two-thirds 
of the profits. On these terms Watt proceeded with his patent, which was 
taken out in 1769, and of which the following is the specification. It was 
not accompanied with drawings or sketches of any kind. 

My method of lessening the consumption of steam, and consequently 
fuel in fire-engines, consists of the following principles : 

** First: That vessel in which the powers of steam are to be employed 
to work the engine, which is called the cylinder in common fire-engines, 
and which I call the steam -vessel, must, during the whole time the engine 
is at work, be kept as hot as the steam that enters it: first, by enclosing it 
in a case of wood, or any other materials that transmit heat slowly; se- 
condly, by surrounding it with steam or other heated bodies; and thirdly, 
by suffering neither water nor any other substance colder than the steam, 
to enter or touch it during tliat time. 

“ Secondly: In engines that are to be woi’ked wholly or partially by 
condensation of steam, tlie steam is to be condensed in vessels distinct from 
the steam-vessels or cylinders, although occasionally communicating with 
them: these vessels I call condensers; and whilst the engines are working, 
these condensers ought at least to be kept as cold as the air in tlie neigh- 
bourhood of the engines, by application of water or other cold bodies. 

“ 'Fliirdly, whatever air or other elastic vapour is not condensed by the 
cold of the condenser, anti may impede the working of tlie engine, is to be 
dtawn out of the steam-vtissels or condensers by means of pumps, wrought 
by the engines themselves, or otlierwise. 

“ Fourthly, I intend, in many cases, to employ the expansive force of 
steam to press on the pistons, or whatever may be used instead of them, in 
the same mannar as die pressure of the atmospherfe is now employed in 
emnmon fire-engines. In cases where cold water cannot be had in plenty, 
the engines may be wrought by this force of steam only, by discharging the 
steam into the open air after it has done ita office. 

" Lastly, instead of using water to render the piston or oth(?r parts of 
the engines air and steam-tight, I employ oils, wax, resinous bodies, fat of 
anintals, quicksilver and other metals in their fluid state. 

“ And the smd James Watt, by a memorandum added to the said speci- 
fication, declared, that he did not intend that any thing in the fourth articla 
should bfc understood to extend to any engine where the water to be raised 
enters the steam-vessel itself, or any vessel having an open communicatio]^ 
with it** 

After Watt had obtained his patent, he proceeded to perfect the details 
of his engine. From the bad workman^ip which he had to contend with, 
his difih^tiea were of a serious kind; that which harassed him most 
being the difihmlty of keepng ^ piston fight without incurring a heavy 
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lOM by ixictioD. But another obstacle was about to be thrown in the pa& I 
of progress, and which at one time bade fair to utterly ruin Watt’s! 
prospects of receiving a pecuniary reward for his ^^t lal^ors: this was ] 
the bankruptcy of Dr. Roebuck. The coal-fields of Kinneil, instead of | 
throwing a golden shower of profits into his lap, were the means of bring- f 
ing him to ruin. The quality of the coal was far beneath his expectations; 
ai^^the difficulties of getting even an inferior produce daily increasing, lie „ 
was necessitated, from the drain on his capital, to part with, from time to 
time, his share in other lucrative concerns with which he was connected ; and 
thus, by degrees, the very perseverance which distinguished him in better 
times, tended, by its prompting him to preserve in this instance tlie wreck 
of his once great fortime, to sink him still further into difficulties, until at 
last irretrievable ruin overtook him; and he was obliged to enter into a 
negotiation to give up his connexion with Watt, from which he might have 
reaped a harvest greater than he had gathered from all his previous pro- 
jects, lucrative as they were, put togetlier. But this apparently untoward 
circumstance was tlie means of ultimately placing Watt in the eminent 
position which he afterwards oocupied; so true, as we often find it, is 
the saying, that “ man’s extremity is God’s opportunity.” 

The party with whom Roebuck negotiated for a transfer of his rights 
in the patent of Watt, was the celebrated Mattliew Bolton, of Soho, near 
Birmingham ; a man whose name will always be handed down to posterity 
in conjunction with his more celebrated compeer. The transfer was effected, 
and a partnership formed between Bolton and Watt. In character the very 
opposite in many respects of Watt, Bolton was possessed of rare business 
tdcnts, an extensive acquaintance with business forms, and having that in- 
domitable spirit of ** ptjrseverance which insures success” in an eminent 
degree; these, united with a degree of courage in prosecuting his engage- 
ments in tlie face of dilficultics, rendered him a fitting coadjutor for the 
retiring and unambitious Watt, “ To a man like Watt,” says an able 
writer, so unfitted, from feeling and habit, to sUind alone, nothing could 
have been more auspicious tlian his gaining the jirotection of two such 
men in succession (as Roebuck and Bolton). Obstacles were seen by either 
only to lie surmounted; and they both possessed, in an eminent degree, 
the master-art of infusing into all around them a portion of their own 
matchless enei;gy. Projectors tliemselves, they were considerate of his 
feelings, and knew how much the flow of tliought in irresolute or hesitat- 
ing genius is quickened by the kindness and condescension of a patron. 
Agisted by their experience, and animated by tlieir generous s^pprobation 
of what he had alimdy achieved, he was roused and carried onward to 
impart greater perfection to his mechanism ” 

At the period of the transfer of Eocbuck^s rights in the patent to Bol- 
ton, Watt was engaged in surveying in Uie north of Scotland. Shortly 
the death of his wife happening, he was induced to accept of the invi- 
tatiem of his partner, and to take up his abode at Soho, lliia now cele- 
brated locality, at the time of Bolton's purchase of it, is described as a 
“ barren heath, on one block summit of which stood a naked hut, the 
habitation of a warrener.” A little iron mill was subsequently erected, 
and round the hill there rippled a amall stream. Bolton, with the quick 
peree|»Uon which distinguish him as a man of business, saw at once the 
supenor advmitages wl^ it held out as the site of a manu&ctosy for the 
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^brication of those articles for which Birmingham has been so long ^uned. 
By collecting the water, he obtained sufficient quantity to move the water- 
wheel, which, in its turn, gave motion to an almost endless variety of 
manufacturing machines and tools. 

Watt was now in a position for prosecuting his labours with vigour, 
and surrounded by those mechanical appliances, without which the attain- 
ment of perfection in the working details was hopeless. An engine was 
according!}^ erected ; and many Cornish adventurers, greatly interested in 
the success of the engine, on invitation, examined its operation. In their 
report they gave a favourable opinion as to the saving of ftiel effected by it. 
Some years of the term for which the patent was valid had, however, ex- 
pired ; and fearful that its w'hole periotl would pass over before pecuniary 
results accrued, so as to afford a profit, or to reimburse the large expenses 
which had been gone to in perfecting the engine, Watt, at tlie suggestion 
of Bolton and his other friends, applied to parliament for an extension of 
his patent. This, after some opjwsition, was granUnl for the term of twenty- 
five years, dating from the time of the grant, namely 1775. This exten- 
sion was no doubt desen^d, no less a sum than 5(f,000/. having l)cen ex- 
pended in the manufacture of the engines by the firm before any return 
was realised. Having thus secured for a lengthened period tlio profits 
which might accrue from the sale of the engines, Watt was now in a 
position to introduce his machine with every advantage to the public. In 
this he was materially assisted by the admirable commercial arrangements 
of Bolton, who, after the grant of extension, became a partner with Watt 
in the manufacture of the miichines; thus sharing the profits on this head, 
as well as those derived from a monopoly of the principle. Had Watt,” 
says Playfair, ** st^arched all Europe, he could not have found anotlier man 
so calculated to introduce the invention to the public in a manner worthy 
of its importance.” 

The most public and op<m in8|)ection of the engines at work was in- 
vited, and every means taken to afford just opportunities of ascertaining 
their value. A congre^ss of inechanicsr and scientific men was convened at 
Soho, and’ an elaborate series of trials made and comparisons instituted 
between its working capabilities ahd one on the principles of Newcomen of 
the best construction, in onlcr to show the siqxjrior working capabilities 
of the new engine : these were manifest to all. But still further to place 
the merits of the machine on a basis which would satisfy all os to the cha- 
racter of its claims, the patentees issued the following : ** All that we ask 
from those who choose tr> have our engines, is the value of one-third part of 
the coals which arc saved by using our improved machines, instead of the 
old. With our engine, it will not, in fact, cost you but a trifle more than 
half i lie money you now pay to* do the same work, even with one-third 
part included; besides an immense saving of room, water, and* expense of 
repairs. The machine itself which we supply is rated at that price which 
would be chained by any neutral manufacturer of a similar article. And to 
save all misunderstanding, to engines of certain sixes certain prices are 
affixed.” To aid in the introduction of the new machines, Bolton and Watt 
took old atmospheric engines off the hands of those who wished to lay down 
the improved form, and this frequently at a rate above their value. 

Again, in estimating the power of their engines, or calculating the work 
wimk eack oould perform, Boltcmand Watt, instead of pladng t& estiinate 
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of ft borse’8 work at a low figure, and thus in the same proportion 
creasing the power of their engine, they actually increased die power of a 
lunae^s work to one>third. Smeaton had valued the work done by a strong 
horse as equal to lifting a weight of 22,000 pounds one foot high in a day; 
Bdton and Watt estinmted atSd,000. But more than this, they stated that 
their engines were “ calculated so, that they will raise 44,000 pounds one 
foot high with a bushel of coals and when we say oiir engines have the 
force of five, ten, or more horses, we mean and guarantee that they will 
lift 44,000 pounds for each horse-power,” On these terms, an engine which, 
according to Smeaton *s estimate, was «qual to twenty horses, was, accord- 
ing to Bolton and Watt, only equal to ten; thus giving the purchasers of the 
new engine an advantage of 100 perfcent in value for no increase of cost. 

Thus placed before the public on terms so highly liberal, the invention 
made rapid progress in public favour; and some idea of the profits accru- 
ing may be derived from the fact, that at Chaoewater mine, Cornwall, the 
saving of fuel efibcted was equal to 6000/. annually ; 2000/. of revenue 
from this one source being drawn by the firm. 

The manufacture of tlie engines increased with such rapidity, that the 
original establishment at Soho was found too limited in its dimensions for 
the great quantity of work now flowing into the factory.' Another was 
therefore constructed in the near neighbourhood, in which the operations 
could be carried on with a high degree of concentration, so essential to the 
turning out of work rapidly and ef&iienftly. We are,” writes Bolton to 
the celebrated Smeaton, systematising the business of engine-working ; 
we are training workmen, and making tools and machines, to form the 
different parts with more accuracy and at a chea|>er rate than can possibly 
be done by the ordinary methods of working. Our workshops will be of 
sufiicient extent to execute all the 'engines which are likely to be soon 
wanted in tliis country ; and it will not l>e wortli the expense for any other 
enmneer to erect similar works, for that will be like building a mill to 
grind a bushel of com.” The expenditure thus occasioned to die firm was 
not thrown away : a body of expert workmen was soon organised. 

Having thus brought up our historical notes in connexion with Watt’s 
engines to the contemplated point, we are prepared to proceed to the illus- 
tration of the successive stejis of his invention, and of those beautiful 
contrivances whicli emanated from his mind. 

The diagram in fig. 20 will illustrate the arrangemenU of parts of the 
early engines introduced by Watt for pumping the water from mines. Let 
a be the cylinder, in which the piston b works a rod passing through a 
steam-tight stufBug-box c; the cylinder is surrounded by an external casina 
ddf into the space formed by which the steam enters from the boiler through 
the pipe e. By opening the valve e, the steam is introduced to the pipe 
beneath the cylinder, and introduced into its interior tlirough the aperture 
By opoiing the valve the steam is allowed to pass doiivTi to the interior 
of the condenser h In this diagram the piston-r^ is supposed to be at- 
tached to the end of the great beam which works the mine pomp, and the 
valves to be worked by mechanism, which we shall figure afterwards. 

Before startiiig the engine, the air was extracted from the various parts* 
lliis was efilected by opening the vidves, and allowing the st ea m to flow 
into all the vessels and inpes; the air is thus forced down the |»pe to the 
oo nden agr and through the valve which oonneota this with the air-pump/. 
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fig. 20. 


The valve t is then sliut, thus preventing more steam from entering the 
cjliuder a through the aperture/; at Uh; same time the steam in tlie con- 
denser h is condenstnl by the cold water which surrounds it, and supplied 
to the cistern mm, in which it stands, by the 8]>out n, supplied by a com- 
mon force-pump worked by the great beam. The vacuum ladng thus 
formed beneath the piston A, the pressure of the steani, which has free 
access to the upi)er side of the piston, forciis it downwards to the bottom of 
the cylinder. By the action of the beam, the air-jmmp piston is i>ullefl 
upwards, and the water withdrawn from the condenser h, liy the valve 
mechanism, the valve g is shut, and the valve e opened ; steam is thus 
iat3X)duced beneath the piston, and an equilibrium being established be- 
tween both sides, the couuterjwise at the end of the great iKmni draws up 
the piston to the top of the cylinder ; the air-pump is thtis dejiresscd, and 
the portion of condensed water lying in the lower jwirt of the Iwirrel piisses 
through the clack or valve in the })iston ; the mechanism of the valve then 
shuts the valve e, and opens g ; this taking place on the piston a reaching 
the top of the cylinder, the steam l^elow tlie piston rushes through the 
valve g to the condenser, and a vacuum being formed as bc?fore, the piston 
is for<^ by the pressure of the 8t4mm on its upper side towards the bottom 
of the cylinder. The opening and shutting of the valves e and g was ef- 
fected by simple mechanism, as foilows. 

Let a, fig. 21, be the spindle of the valve idmitting steam to the cylin- 
der, and b that of the valve admitting the steam to the condenser ; these 
tom comiected by a joint to kvers moving on the centres cc; hh is the 
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ploff-fbune, haying studs or projecting pins o n; these strike the hand^ ot 
which are feed on the rod and to which the lerers rp aw feed, 

actuating the levers ds, and hftiijg 
or depressing the valves ah*^ s is the 
counterbalance weight which acts the 
tumbling bob in Heighten *8 valve gear- 
ing already noticed. The condenser, 
in its original form as introduced by 
Watt, consisted of a series of thin 
copper pipes communicating with each 
other, and placed in a cistern filled 
with cold water: in some instances fiat 
copper pipes were used ; the object, in 
both cases, being to present as great 
a surface as possible to the action of 
the cold water, and to effwt a rapid 
condensation. Notwithstanding many 
drawbacks attendant upon this plan, 
it was considered an economical one, 
inasmuch as a comparatively small 
fig. t>i. • power was required to work the pump 

for withdrawing the air and con- 
densed water. To receive a quick condensation by this method, it was in- 
dispensable to have a large amount of surface exposed to die cold water; this 
necessitated condensers of such size, that Watt was at last obliged to return 
to a plan which he had adopted while in Scotland during his trials under 
Roebuck, of condensing the steam by introducing a jet of cold water into the 
condenser. The clumsy outer casing w'as, after rejx;ate<l trials, found to be 
possessed of inconveniences; Watt therefore discarded it, and adopted a 
plan of intercasing composed of thin sheet-iron, the space lieing only one 
inch and a half between it and the cylinder; this space was supplied with 
steam by a pipe leading from the main steatn- 
pipe. This arrangement involved a radical change 
in the method of distributing the steam to the 
cylinder. The details of tVie new construction 
may be gathered from the diagram in fig 22. 

Let au be the cylinder, hb the outer casing, e 
the piston, d the piston-rod, e the steam-pipe lead- 
ing from the boiler, f the “ steam- valve,” g tha | 
equilibrium-valve,” and h the “ eduction- valve” in | 
the pipe leading the steam to the eqirilibrium-valve. | 
Supposing the piston at the top of the cylinder, |f 
the equilibrium-valve is closed, and the steam- ^ 
valve/ and eduction-valve h opened; the steam & 
from below the piston rushes through h to the con- 
denser, and a vacuum is formed ; the steam press- 
ing on the upper side of the piston, it is forced 
downwards. On reaching the bottom, the steam* 
valte / and eduction-valve h are closed, and the 
equilibrium-valve g opened ; this allows the steam 
to gain access to the under side of the pistoiii as 




fig. 22. 
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well a5 to its upper side; aa equHibriam of pressure is therefore formed, 
and the counterpoise pulls the piston to the top, the steam above it dovring 
through the eqxulibrium-valve. In this form of engine there is alternately 
steam and a vacuum on the under side of the piston, the steam being 
always above the piston. 

About the year 1780, Watt introduced another modification, having 
for its object the attainment of a more perfect condensation : this he pro- 
posed to effect by having a perpetual vacuum below the piston, while there 
was alternate vacuum and steam-pressure above it; thus, on the piston 
having accomplished its loaded stroke, that is, from top to bottom, the 
vacuum being made, the whole of the time in which the piston was as- 
cending might be occupied in freeing the cylinder from the air and steam. 
This idea was carried out by aid of the following arrangements. 

In fig. 23, a a is the cylinder, b the piston, c die “ steam-valve,” d the 
steam-pipe, e the “eduction-valve,” ff the 
eduction pipe leading to the condenser, g the 
steam-port leading to tlic upper side of the 
piston. On the piston reaching tlie bottom 
of its stroke, the steam-valve c was shut, and 
the eduction-valve e was ojxined; the steam 
from the upper side of the piston rushed 
through g and <?, and dow-n the cducdon-pip(* f 
to the condenser; the vacuum was thus made 
on both sides of the piston, the counterjioise 
pulling the piston to the top; the eduction- 
valve remaining open during its ascent, a 
longer time was thus given to the formation 
of the vacuum above tlie piston. The ad- 
vantages expectc’d to flow from this ingenious 
arrangement did not, however, exist: it was 
found that in practice the condensation was 
so quickly perfonued, in fact almost instan- 
taneously, that the longer time produced no 
better viicuum ; and the cylinder approximating so much to the coolness of 
the condenser, a considerable quantity more of sU^am was required. Leak- 
age to some extent also resulted from the arrangement. This arrange- 
ment of engine was therefore abandoned. 

We now come to notice an imfiortant improvement in the working of 
steam-engines, which the fertile genius of Watt added to the list of his 
brilliant inventions: this improvement was that of working the steam ex- 
pansively. The patent for tlie expansive steam-engine was taken out in 
1782 ; but the attention of Watt had been directed to the principle many 
years before; in 1769 he wrote to Dr. Small, as te a “melhfxl of still 
doubling the effect of steam, and that tolerably easy.” Many matters, how- 
ever, diverted his attention from this important point; and it was not until 
the above date that he took steps to introduce an engine in which the 
principle was carried out. The due understanding of its ratiomle is so 
important to the student of the steam-engine, that we propose entering into 
ite considenaion at some length. 

Where steam is admitted to press on the top of a cylinder, during the 
whole of its descent the piston move downwards with an accelerating 
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wliidi, if not checked, will be c(£ such amount as material^ to 
^atm^ the mechanism. An able authority supposes that the value of the 
expansive principle was made known through the result of some trials 
w^h were instituted for the purpose of m^erating the velocity of the 
piitcm, and consequently the shock as the piston reached the bottom of the 
cylinder. In Newcomen’s engine he supposes this to have been effected 
1^ shutting the injection-cock earlier; and in Watt’s condensing-engine, 
by shutting the steam-valve at such a period of the stroke as would pre- 
vent the catch-pins from striking.” This shutting off the steam-communi- 
cation from the boiler, at a certain part of the stroke of the piston, allow- 
ing the steam to expand as tiie piston descends, constitutes the principle of 
the method of working expansively. By the action of the well-known law 
of pneumatics (see volume on Natural rhilosophy in this series), the pres- 
sure of the steam on the piston decreases as the space increases into w hich 
the steam has liberty to expand itself; thus if the steam is cut off at one- 
fourth of its stroke, the pressure will, at the end of the stroke, exert only a 
force of one-fourth its original pressure. By thus decreasing tlie power, 
a simple method of equalising the tendency to an accelerated motion was 
attainable. In addition, however, to tliis advantage, a still greater one re- 
sulted from the adojition of the principle in the economisation of steam, 
and the consequent saving of fuel. If steam of the temperature of 212® 
flows into a cylinder six feet long, until the piston lias moved eighteen 
inches downwai^s, when this (juantity has expanded into double its former 
volume, and in doing so has pressed the piston to the middle of the cylinder, 
it will exert a pressure of not more than 7 pounds on each square-inch 
area of the piston. When the piston has been depressed another eighteen 
inches, the vapour will have expanded into three times its original bulk, 
and will then urge the piston downwards with a force of not more than 
pounds on each square inch; and when it has reached the bottom 
of the cylinder, and expanded into four times its original bulk, it will 
not exert a greater energy than about pounds on each square inch. If 
now we calculate the varying pow’er of the steam from the commencement 
to the termination of its stroke, beginning wdth a force of 14 pounds, 
and ending with pounds, it will have exerted an average pressure of 
nearly pounds on each square inch of the jiiston. But if tlie vajpour 
had been permitted to flow freely into the cylinder as fast as the piston 
dosoended, it would have pressed it with a force of 14 jHiunds during 
the entire stroke of tlie piston. We tlius see that one font and a Iiali' of 
steam, acting expansively, has pres8C*d 8 J pounds tliiougli six feet ; while 
six feet of steam, operating with its energy unifonn and iiuimjuiiicd, has 
only carried 14 pounds through six feet; tlius showing that more than one- 
hau of the whole steam has been saved by making it act exjiansively. 

** Although tlie saving of steam is very considerable by making it work 
expansively, the power of the engine is i^uced ; tlius, wiiere the steam is 
cut off at one-fourth of the stroke, while the efticacy of tlie steam is in- 
creased four times, — that is, one-fourth the quantity of steam will complete 
the stroke, «^the power is diminished nearly one-half. In engines worked 
expansively, ther^ore, the siie of cylinder must be increased in proportion 
to the extent to which the expansive principle is carried. But althou^ 
the engine is made larger to do the same quantity of work, this woik will 
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be done with n less consumption of iuel: this is obvious from the c<»h 
sideratioQ, that at whatever point the steam is out off, so much steam is 
saved ; and that the steam, although it exerts a gradually decreasing force 
on the piston, still exerts a power of some extent, which power, whatever 
may be its amount, is gained without any expenditure of steam. To carry 
out the system of expansive working most conveniently, it is best to use 
steam of a pressure considerably higher than that of the atmosphere: un* 
less this pressure is considerable, expansion cannot be carried out to any 
great extent with advantage; for if steam of a low pressure were used, the 
ultimate tension would be reduced to a point so nearly approaching 
that of the vapour in tlie condenser, that the diffeienoe would not suffice 
to overcome the friction of the piston, and a loss of power would be occa* 
sioned by carrying expansion to such an extent. It is clear that 'in the 
case of engines which carry cx])an8ion very far, a very perfect vacuum in 
the condenser is more important tlian it is in otlier cases.” The advantage 
of applying steam expansively will be seen by an inspection of tlie follow- 
ing table : if the steam is cut off at one-half of its stroke, tlic performance 
of the engine will be multiplied 1*7 limes; at 


i -a 

i 2-4 j 


2^6 i 


2-8 

3- 
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Watt effected the cutting off of the steam at any desired point by 
merely altering the position of tlie tappets or projecting pins in the plug- 
frame, by which the valves were actuated upon at the proper time. As 
the motion of the piston was necessarily variable when the exj)ansion 
principle was adopted, Watt contrived several ingenious mechanical com- 
binations, by wliich the effect of the engine on Uie work it had to perform 
was unifonn ; he, however, did not apply tliese to any great extent, as he 
employed steam a little greater in pressure tiuin that of tlie atmosphere, 
and cutting off only at one-third or onc-fourlh, according as circumstances 
dictated. 

The reader desirous of becoming acquainted witli these further evi- 
dences of Watt’s inventive talent, will find Be\'eral plans figured, by which 
this iiniformitj^ was obtained, in Stuart’s iJeacriptive and jlistorical 
Anecjhdes of Steam-Engines. We proceed to the consideration of more 
interesting and impel taut matters in connection with the inventions of 
W itt. 

Uiidu* the new' arrangements it was a matter of importance to ascertain 
the state of the vacuum in the condenser and cylinder ; for on the per- 
fection of this obv iously dejKinded the efficiency of the engine. In order 
to ascertain this, Watt applied a mercurial barometer, having a connection 
with the inside of the pi}>e leading to the condenser ; and anotlier baro- 
meter was placed in connection with the boiler. The rise and fall of the 
mercury in the baiomcter attached to the condenser indicated the degree 
of exhaustion which had been made in it ; and by the same operation in 
the barometer attached to the boiler, he had a measure of the pressure of 
steam acting in the piston: fnm the data thus obtained, he was able to 
calcnlate with considerable precision the amount of power given out by 
the engine. He aflerwards, for this purpose, introduce a highly- ingenious 
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invention which he termed the indicator; a diagram of which we now 
app^d| in order to show the nature of its operation. A small cjlinder ft, 
fig. 24, truly bored, is fixed on the cylifider-cover, having con- 
nection with its interior ; a small piston c works in the cylinder 
ft, the spindle or rod is continued upwards, its head terminated by 
a pointer, which is placed along a scale d; round the lower part 
of the spindle of the piston a spiral spring is coiled, one end of 
which is fixed to the piston, the other to a small bracket. The 
upper side of the piston is open to the air, the lower is open to 
the cylinder. The zero point of the scale is so adjusted, that the 
pointer will point to it when the cylinder is filled with air; and 
the pressure on both sides of the piston of the indicator is equal. 
On a vacuum being made in the steam-cylinder, the piston of the 
indicator is forced downwards; and the spring being thus put in 
a state of tension, the pointer will indicate the different points in 
the scale, corresponding to the degree of vacuum in the cylinder. 
When the cylinder becomes filled with steam, the piston of the indi- 
cator rises, and it falls again on the vacuum being made. Thus 
the power of the engine at any period of its stroke is faithfully 
fig. 24. transferred to the piston of the indicator, and by this means the 
power of the engine is estimated. In a future chapter we shall 
describe the modern indicator, and the means by which it is made to 
record on paper the working capabilities of the engine to which it 'is 
attached. 

We give a diagram, in fig. 25, illustrative of the arrangements of 
Watt’s single-acting pumping-engine, as adopted at this period. At the 
present time the principle of this engine is still the same : the modifications 
in the details, arising from greater perfection in workmanship, although 
tending to give an appearance of greater elegance to its form, have not 
been extended to alteration of its principle of action. To such a high state 
of perfection did Watt bring it, that an eminent authority states that a 
piunping-engine “ made afler Watt’s primitive type, would, with, an equally 
effectual boiler, and an equal means of clothing and expansion, do about 
the same amount of duty as the best of the modem construction.” We 
have already detailed the method of action of this engine, so^that we deem a 
furtlier explanation unnecessary ; a literal reference to its parts, and a few 
words as to tlie metliod of “ working the engine,” may, however, be useful. 
The cylinder is indicated by die letters an, ft the piston, d the piston-rod, 
attached to the end of the working beam e e by a chain passing round 
the quadrant (see p. 84, fig. 164, treatise on Mechanics and Mechanisniy in 
this series, companion volume to tlie present); ff the plug-frame for work- 
ing the valves by the tappets and levers as shown ; ^e equilibrium-pipe; 
h the condenser; t the air-pump ; j the cold-water cistern; 4: the hot- water 
cistern. In commencing to work the engine, the first operation is expellix^ 
the air from the interior of the cylinder a a: this is effected by relieving 
the catches of the steam, equilibrium, and eduction valves ; these being 
actuated by weights attached to them, are opened, and steam is thus 
admitted to all the internal parts, as cylinder and equilibrium-pipe. The 
first effect oi'this is to condense the steam by coming in contact with ^ 
cold wfaces of the en^e ; after the cylinder aa beocmee ho^ the steam 
finally imes throogh the snifting-valve*’ placed at the foot either of the 
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fig. 25. 


condeoter ©r of the air-pump. The valves arc then to be shut, and a 
vacuum is thus formed in the engine. The first stroke of the engine is then 
made by opening the steam and eduction valves, and opening the injection- 
cook, so as to admit a jet of water to the condenser; the piston is then 
forced down into the vacuum by the steam above the piston. The plug- 
tteeff (fig. 25), in descending, strikes its tap|r>et8 on the spanner or levers 
of the Auction and steam valves, shutting them, and opening the equi- 
librium-valve ; the steam above the piston rushes throught his to the under 
side of the piston; and an equilibrium being thus established on both sides 
of the piston, it is drawn up to the top of the cylinder by the action of the 
ootmlerpoise at the pump end of the beam. 

The single-acting en^e as here described, although admirablj adapted 
fixr the puxposes for wl^h it was introduced, namely, withdrawing water 
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§tom coal and other mines, was obviously unfitted for extenrion to odieT 
purposes in which a continuous rotatoiy motion was desired. By a 
dignt modification of the valves of his engine, Watt was enabled to over- 
come the difficulty ; and in the double-acting engine,” for which we are 
indebted to his genius, the piston is both raised and depressed by the 
action of the steam, a vacuum being alternately made above and below the 
piston. In 1781 he took out a patent for this modification, but his atten- 
tion had been drawn to it many years before ; in fact, while prosecuting 
his petition for a prolongation of his original patent in 1774, he had 
exhibited a drawing of the plan to the House of Commons. In this draw- 
ing he explained how, after the piston had been pressed by the steam to 
the bottom of the cylinder, by shutting off the connexion beween the 
upper part and the boiler, and opening a communication between it and the 
under side of the cylinder, the steam by this means could be made to rows 
as well as depress the piston into a vacuous space, ichich might he made 
above and below it alternately. For the introduction of this form of engine, 
by which the dead-weight of the counterpoise was got rid of, and the 
emcaoy of the engine as a general motive power so vastly increased, and 
the range of its powers so much extended, we are probably indebted to the 
rivalry which existed between the firm of Bolton and Watt and other 
engine-makers, and to the machinations which many of them ^ndescended 
to employ for the purpose of obtaining a share of the public patronage. 
Holding such an extensive monopedy, a monopoly not only pf legal power, 
but also, it may be said, of mechanical genius, and of a vast experience 
such as no others could lay claim to, it need not be wondered at that the firm 
encountered a viist amount of obloquy and reproach from various interested 
sources, and that angry feelings and bitter animosity on the part of their 
rival brethren in the trade existed to a large extent. Some notion of 
the state of matters thus existing may be derived from the statement 
of a late engineer (whose mind and talents should, we think, have 
prompted more generous feelings), who declared that, “ when men of 
better judgment had constructed engines as good, or better than their own, 
they have {i.e. Bolton and Watt) just candour enough to admit the fact, 
and pride and avarice enough to claim them as their invention and who 
even went the length of trying much “ to make it clear that Mr. Watt had no 
right to any patent whatever !” But this state of matters, however much to 
be deplored, was not the only thing Bolton and Watt had to contend 
against : tlieir own feelings of rectitude and just principle, which un- 
doubtedly characterised them in all their dealings, bore them up against 
all the attacks of slander and detraction ; but an extensive and powerful 
combination to wrest from them the pecuniary advantages of their inven- 
tion touched them in another way, and called forth another and more 
publio reprisal. As already mentioned, the profits derived by Bolton and 
Watt from their engines was exactly in proportion to the saving which 
they effected to the proprietors who had tliem erected. Nothing in commerce 
could be ihtrer than t^ ; yet to the discredit of a large number of them, 
they, forgetting the two-thirds which by the use of the engines were put 
into their pockets, they grudged the third which the patentees asked fiur 
the great b^efits thus confer^. By a species of sophistry, which we see 
often acted uron by men who, in other matters, fviSl to the kUer the 
xnonl law of we rights of proper^, they thought it no wrong to apply to 
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their own use freely, and without consulting the rightM owners, the 
property which mental labour had created. They covertly, if not openly, 
therefore, supported a horde of ** pirates/’ who endeavour^ to wrest the 
invention of Watt fix>m his grasp. Bolton and Watt for a length of time 
took no steps to stop this flo^ of wrong; but at last it reached to such a 
height, that a due regard to their own social rights, as well as to the claims 
of public morality, rendered it imperative upon them to take some public 
and decfded steps to put, at once and for ever, a stop to these pro- 
ceedings. An engine having been erected on Watt's plan at a mine at 
Cornwall, an action was begun against Mr. Bull, by whom several of the 
Cornish miners were represented. The principal plea put in, in defence, 
was the vagueness and want of precision in the specification, and through 
this the invalidity of the patent. The judges were divided on this point, 
and no judgment was given. Advantage, however, having been taken of 
this, and reckoning on it as a legal defect sustained by the patentees, the 
attempts to evade the patent rights again l)ecHme numerous ; and further 
steps, to put a stop to this, were again taken by the patentees. The trial 
before the Court of King's Bench this time resulted in their favour. The 
immediate effect of this “ Cornish conspiracy,” as it has been termed, was 
doubtless the introduction of tlw double-acting engine ; for Watt, fore- 
seeing the extent to which it could be applied in a vast range of mauu- 
fiujturing operations, was no doubt anxious to occupy this field also, and 
not to depend altogether on that of Cornish puraping-engines. It was in 
connection with the double-acting engine that Watt introduced those 
beautiful and philosophical inventions which we are now about to notice. 

In the application of the steam-engine to the production of a continuous 
motion, the first step to be taken was the changing of the reciprocating 
motion of the piston-rod into a continuous rotatory one. If tlie reader 
will turn to pp. 47-49 of the companion treatise to the present volume, 
Mecha/nics aTui Medumism, in this series, he will there find a description of 
the method of eftecting this imrjK)se by means of what is called a “ crank.” 
Although the works of philosophy and mechanics published at periods 
long anterior to the time of Watt and his contemporaries contained illus- 
trations of this contrivance, and although, moreover, evidence of its use 
could be seen in almost every street in the knife grinder’s wheel (see p. 48, 
fig 72, Mechanics and Me/^hanism)^ or in many houses in the country in 
the “ housewife’s spinning-wheel,” the animated rivalry which existed be- 
tween several mechanics who claimed the honour of its discovery, as an 
important appliance of the steam-engine, is very remarkable ; the great 
importance which was thus attached to its exclusive possession may bo 
viewed, therefore, “ as one of the many curious illustrations afforde<l, in the 
progress^ of this machine, of the great value of even an apjjarently trilling 
improvement.” We may here trace the history of its application to the 
steam-engine. 

In the year 1779, a Mr. Matthew Wasbrough, of Bristol, patented a 
contrivance by which the balanced beam of the atmospheric engine could 
produce a rotatory motion. This was effected by the employment of one 
or more pulleys, wheels, or segments of wheels, to which were fastened 
ratchets or ch^lu. In anodic case he shifted a wheel and its axis ftom 
one set of teeth to another. A third metbxl was, employing racks with 
teeth, which tumbled or moved on their own axis or centre; and diese 
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radci fstfiened to the worldog beam or great lem, or th^ were con- 
nected wi^ it by xneanB of chaine. For other purposes, instead of a 
woriung beam, he substituted a wheel or pulley, working by racks or 
chains from the steam piston ; and to regulate the modon, he in some oases 
added a %/’ Wasbrough fitted up one of his machines at Birmingham 
for a Mr. John Pickard. This party was instrumental, however, in intro- 
ducing a much simpler method of producmg rotatory motion; this was by 
substituting the crank. For this he took out a patent in 1780; add associ- 
ated with him, in carrying its application into practice, the inventor of the 
previously mentioned mechanism, Wasbrough. They succeeded in intro- 
ducing the method of working into several mills. 

From Mr. Watt’s own statement there appears every reason to con- 
clude, that the idea of using the crank had been borrowed from his fac- 
tory at Soho. The following is the statement alluded to : 

“ I had very early turned my mind to the producing continued motions 
round an axis ; and it will be seen, by reference to my first specification in 
1769, that I there described a steam-wheel, moved by the force of steam 
acting in a circular channel against a valve on one side, and against a 
column of mercury, or some other fluid metal, on the other side. This 
was executed upon a scale of about six feet diameter at Soho, and worked 
repeatedly; but was given up, as several practical objections were found to 
operate against it. Similar objections lay against other rotative engines 
which had been contrived by myself and others, as well as to the engines 
producing rotatory motions by means of ratchet-wheels. Having made 
my reciprocating engines very regular in their movements, I considered 
how to produce rotative motions from them in the best manner ; and 
amongst various schemes which were subjected to trial, or which passed 
through my mind, none appeared so likely to answer the purpose as the 
application of the crank in the manner of the common turning-lathe (an 
invention of great merit, of which the humble inventor, and even its era, 
are unknown). But as the rotative motion is produced in that machine 
by the impulse given to the crank in the descent of the foot only, and be- 
hoves to be ccfntinued in its ascent by the momentum of the wheel, which 
acts as a fly, and being unwilling to load my engine with a fly heavy 
enough to contiuue the motion during the ascent of the piston (and ev^ 
were a counterweight employed, to act during that ascent of a fly, heavy 
enough to equalise the motion), I proposed to employ two engines acting 
upon two cranks fixed on the same axis, at an angle of one hundred and 
twenty degrees to one another ; and a weight placed upon the circumference 
of the fly at the same angle to each of the cranks, by which means tiie 
motion might be rendered nearly equal, and a very light fly only would 
be requisite. This had occurred to me very early ; but my attention being 
fully employed in making and erecting engines for raising water, it re- 
mained in petto until about the year 1778 or 1779, when Mr. Wasbrough 
erected one of his ratchet-wheel engines at Birmingham, the firequ^t 
breakages and irregulaiities of which recalled the subject to my mind, and 
I proowded to make a model of my method, which answered my expecta- 
tions ; but having neglected to take out a patent, the invention was com- 
municated, by a workman employed to m^e the model, to some of the 
people about Mr. Wasbrough’s engine, and a patent was takm out by 
them for the application of the crank to steam-ei^inea This i&ict the aaid 
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workman confeased; and tke engineer who directed the works acknow- 
ledged it, but said, nevertheless, the same idea had occurred to him prior 
to his hearing of mine, and that he had even made a model of it before 
that time; which might be a fact, as the application of a single crank was 
suffidentlj obvious. In these circumstances I thought it better to endea- 
vour to accomplish the same end by other means than to enter into litiga- 
tion; and if successful, by demolishing the patent, to lay the matter open 
to every body. Accordingly, in 1781, 1 invented and took out a patent for 
several methods of producing rota^ve motions from reciprocating ones, 
amongst which was the metliod of riie sun-and-planet wheels. 

“ This contrivance was applied to many engines, and possesses the great 
advantage of giving a double velocity to the fly ; but is, perhaps, more 
subject to wear, and to be broken under great strains, than the crank, 
which is now more commonly used, although it requires a fly-wheel of four 
times the weight, if fixed upon the first axis. My application of the double 
engine to these rotative machines rendered unnecessary the counter-weight, 
and produced a more regular motion ; so that, in most of our great manu- 
factories, these engines now supply the place of water, wind, and horse- 
mills ; and, instead of carrying the work to the power, the prime agent is 
placed wherever it is most convenient to the manufacturer. 

“ I do not exactly recollect the date of the invention of the double 
engine; but a drawing of it is still in my possession, which was produced 
in the House of Commons when I was soliciting the act of parliament for 
the prolongation of my patent in 1774 and 1775. Having encountered 
much difficulty in teaching others the construction and use of the single 
engine, and in overcoming prejudices, I proceeded no further in it at that 
time; nor until, finding myself beset with a host of plagiaries and pirates in 
J782, I thought it proper to insert it and some other things in the patent 
above mentioned.” 

The mechanism of the ** sun-and-planet” wheels above alluded to, for the 
purpose of obtaining continuous rotatory motion from the reciprocating 
movements of the piston-rod, the reader will find explained in pp. 70-77, 
fig. 142, Mechanics ami Mechanism. Hie method employed in the single- 
acting engine for connecting the piston-rod with the end of the working 
beam was obviously (see p, 84, fig. 1G4, Mechanics and Mechanism) 
incapable of being applied to the double-acting engine ; where the piston 
was pushed up by the pressure of the steam, not pulled up by the counter- 
poise, as in the single-acting engine. The 
mechanism which Watt at first employed 
will be understood from an inspection of the 
diagram in fig. 26. Let a be the piston- 
rod, furnished with a rack at its upper end, 
working into teeth of a segment fix^ on the 
rod of the working l>eam; as the piston- 
rod moved up and down, the teeth actuated 
those of the segment, and made the beam 
c reciprocate. In working expansively, a 
small fly-wheel, shown by the dotted lines (/, 
was applied to the mechanism ; on the 
centre of this was fixed a small toothed 
which was worked by the rack, of 
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tbe piston; the fly moved alternately from side to side as the piston 
ascended and descended. This contrivance was found possessed of many 
disadvantages on being carried into practice, especially in large engines, 
not the least of which was the great noise and jar occasioned by the 
teeth of the rack and segment engaging as the direction of motion of the 
piston-rod was changed. Some more elegant contrivance was therefore 
desiderated, and Watt’s genius and mechanical ability no more failed him 
here than at other and more trying times ; and the result of his cogitations 
was the production of that most beautiful and philosopliical mechanism 
known as the “ parallel motion.” The principle of this contrivance the 
reader will find in p. 84, flg. 165, Mechanics and Mechanism; and an ex- 
emplification of its arrapgement as carried out in practice in the diagram, 

fig. 63» p. 44 of the same work. 
The diagram here given, fig. 27, 
illustrates the arrangement of the 
parallel motion as first applied to the 
double-acting engine. Let a a be 
the working beam, /is the piston- 
rod, g the air-pump rod, bed the 
links. Other exemplifications of 
tills motion will be found in the 
diagrams in succeeding chapters 
of this voluma 

In order to render the double- 
acting engine as perfect in its ar- 
/\ I rangernents as possible, and inde- 

pendent of the attention of careless 
-7* workmen, Watt introduced a me- 

thod by which the engine itself 
regulated its own motion. Tliis he efieeted by adopting what is now known 
as the “ governor,” a description of which will be found in pp. 87-89, Mecha- 
nic and MeeJumism^ and illustrations showing its application to the opening 
and closing of the valve by wliich the steam is admitted to the engine. In 
the single-acting engines- the -throttle-valve was opened and shut by hand, a 




ioficieni uniformity of motion being thus obtained. A view of &e Yalve is 
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given in fig. 28 ; aa parts of the steam-pipe, joined together by a flange- 
joint;” at the point of junction a thin disc or valve b is placed; the axis of 
this passes through a stuffing-box in the pipe, and is moved a handle (L 
When the valve is parallel with the line of pipe, the steam- way is fully open ; 
when brought up with its edges pressing on the interior of the pipe, the 
steam-way is closed ; intermediate positions admit the steam in greater or 
less proportions. The manner in wdiich the edges of the valve are ** cham- 
fered” off to go closely up to the pipe is shown at s. The governor” w’as 
not the sole invention of Watt ; in the application of it, however, to the 
steam-engine, it received the impress of his mechanical genius, and was, as 
it left his hands, in elegance and justness of proportion, and in original adap- 
tation to his peculiar purposes, a very difterent affair than when used for 
regulating the sluice of water-mills, for which purpose, under the name of 
“ liff-tenter,'’ it was largely used. It is right, however, to state that, 
according to Stuart, a Mr. Clarke of Manchester suggested the adaptation 
of the “ lift-tenter” to the regulation of the motion of the steam-engine. 

The valves attached to the cylinder had to undergo some modification 
in their application to double-acting engines. The nature of these will 
be learned from an inspection of the diagram 
in fig. 29. The spindle of the valve b is con- 
tinued upwards, and formed into a small rack; 
this works into the teeth of a quadrant c, 
which is moved by the spanner or lever d, 
worked by the plug-frame of the engine ; the 
spindle or tail of the valve c works in a small 
aperture in a bracket below ; additional steadi- 
ness was obtained by making the rack or slide 
in a projecting bracket. 

In fig. 30 we give a diagram illustrative 
of the arrangements of the double-acting engine 
as it lefl his hands: a the cylinder, b the piston- 
rod, d tlie parallel motion, tn m the beam, o the connecting-rod, p the sun-and- 
planet wheel giving motion to tlie fly-wheel, c the air-j)ump rod and plug- 
frame for moving the valves/,^ the air-pump, /i the condenser, n the hot- 
water pump for taking the hot water from llie air-pump to the cistern, 
from which it is pumpi*d by the ])umpfl, and delivered to the boiler. 8up- 
jiosing the piston at the top of the cylinder, the action of the engine is as 
follows : as steam is being admitted by the upper valve to the upjier side 
of the piston, it descends ; and at a certain part of its stroke, the lappets in 
tlie plug-franjc shut the steam-valve, and as the piston descends, the steam 
expanas; on nearly reaching the b{)ttom of its stroke, the uj)pcr exhaustion- 
valve is opened, and a communication made between the upper side of the 
piston and the condenser; the steam above the piston now rushes to the 
condenser, and a vacuum is formed. The lower steam port is now opened, 
and the steam presses the piston upwards into the vacuum formetl above 
the piston ; at the proper period the lower steam -port is closed, and the 
lower exhaustion -valve opened; the steam now rushes from beneath the 
piston to the condenser, and a vacuum is formed beneath the piston. The 
movements thus proceed as long as required. 

We have next to notice the arrangements which Watt introduced for 
the purpose of making the boiler supply its own wants; thus adding to the 



fig. 29. 



HISIOBT OF TEB STEAM-HrODnL 



fig. 80 . 

meaziB by which the steam-engine, in almost every respect, was made auto> 
matio. In fig. 31 we give a diagram illustrative of the general arrange- 
meats of the boiler. Previous to Watt’s improved arrangements, 
boilers of steam-engines were generally rude and clumsy afiairs, ill adapted 
for raising steam ehher quickly or economically. This was owing, no doubt, 
partly to the low state of the mechanical arts, which precluded any attempt 
at nice adjustment of parts; and partly to no one studying the subject in 
all its bearings, in older to arrive at a knowledge of the just proportacms 
necessi^ to attain the greatest amount of steam at the least expenditure of 
AieL Ae shape, too, was chiefly dependent on caprice or preooneeived 
Qotioiis, being confined principally to globular and hemisjdierical aihapeSi 
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with flat or concave bottoms. The waste of fnel from these boilers at 
length attracted the attention of practical men, with a view to remedy their 
defects. Boilers of an oblong form were therefore introduced; and the 
best of this kind, known as the “ wagon*’ from its shape, owed its intro- 
duction to Watt He also applied numerous valuable appendages, as al- 
ready alluded to, and which we now propose to describe by the aid of the 
dia^am here attached. 


d 



And first, as to the important point of supply of water. A vertical pipe 
g was connected with the l>oiler, and reached to within a few inches of the 
bottom. This pipe varied in height according to the pressure of the steam 
employed in the l^iier, allowing some 34 inches for each pound of pressure 
above that of the atmosphere. The top of this pi|>e was terminated by a 
small cistern, which was supplied with hot water from the hot-water cis- 
tern; this cistern was furnished with a valve opening upwards; the spindle 
was continued and connected by a jointed lever to the lever d; this lever 
vibrated on the centre attached to the side of the cistern; one end of this 
lever was weighted with a counteq)oise, and the other had a rod attached 
to it, which descended into the interior of the boiler, passing through a 
stofliDg-box, and having attached at its lower end a stone float e. The 
action of this apparatus was as follows. On the water getting too low, the 
float sunk, pulling with it the end of the lever, raising the counterpoise 
weight and the valve d; this allowed the water to descend the pipe to the 
boiler. On the level of the water thus rising, the float also rose, and aotu- 
ating the lever, the valve was let into its seat, thus stopping the flow of 
water through the pipe. The safety-valve b b, instead of being open as in 
Ihe old engines, was oonflned in a box, through the cover ^ which the 
spindle of & valve worked in a stufllii^-box, and the steam wUob escaped 
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was led by a pipe to the chimney -flue. Another safety-valve was also 
attached, as at and was termed “ the internal safety-valve its oflice 
was to ^mit air to the interior of the boiler, when by any means a 
vacuum was formed in it by tlie condensation of the steam : to effect this, 
the valve opened inwards. The gauge-cocks h h were used to ascertain the 
state of the water in the boiler. When one was opened, water was forced 
through it alone, steam through the other: when this happened, the pro- 
portion of water in the boiler was accurately adjusted; if, on the other 
hand, steam rushed through that cock which should have emitted water, 
the water was deficient, and vice versa. Access was had to the interior of the 
boiler, for the purpose of cleaning it out, &c., through the ** man-hole door” n: 
this was covered by a plate, and properly secured. The steam for the 
engine was convey^ by the pi|>e o. In a future chapter, while describing 
modem appliances of the steam-engine, we shall describe other arrange- 
ments and contrivances which the genius of Watt applied to the perfection 
of the steam-engine. 

We have now brought the history of the steam-engine up to the period 
when Watt ceased making his improvements on it. Such was the perfec- 
tion of his contrivances and the nicety of his details, that he left little to be 
done towards its improvement by other hands. On this point a recent 
writer, an engineer of note, ha.s the following : However far we may pro- 
ceed in the path of steam-improvement, we shall find unequivocal traces of his 
having been there before ; and the conceptions which start up in our minds, 
and which at first sight we believe to be original and important, we shall 
find, on inquiry, to have previously suggested themselves to his imagina- 
tion. The fact appears to l>e, that the track of knowledge chosen by him 
has been so thoroughly explored, that he has left nothing for his successors 
to discover; and we do not at present see how any material improvement 
can now ti^ke place in steam-engines, except by the introduction of new 
powers of nature which the progress of discovery may reveal. The ma- 
chine may perhaps be thrown into still more commodious forms, and 
greater niceties of workmanship may be lavished upon its construction ; but 
every thing is to be got, by Watt’s principle of action, that mere fire and 
water can give ; and the next step of improvement must be the employment 
of cheaper agencies. And though the present steam-engine may pass 
away, as it no doubt will, and cease to have any existence except in the 
page of history, Watt’s glory will suffer no obscuration, but in the lapse of 
years must rise to a wider and brighter effulgence. However excellent or 
extraordinary the new mechanism may be, it will, we believe we may pre- 
dict, rather be compounded of the ideas of a multitude of minds than be 
the product of a sing^ master-spirit ; and ages must elapse before another 
such example of int^ectual strength as Watt presented can be given to 
the world.” 

To this generous tribute paid to the memory and the genius of Watt, 
we must add another, emanating from the most practical and celebrated of 
our modem engineers, himself a bright example of what genius aided by 
perseverance can accomplish — William Fairbairn of Manchester. “The 
innumerable attempts that have been made to improve the principle of the 
condensing steam-engine since the days of its celebrated inventor Watt, 
have nearly all pn»v^ fiulures, and have added little, if any thing, to the 
claims next to perfection of that great man’s ideas. It wouM be idle to 
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^peculate upon the various forms and constructions, from that time to the 
present, which have been brought forward in aid of the original discovery 
of condensation in a separate vessel All that has been done is neither 
more nor less than a confirmation of the sound views and enlarged concep- 
tions of the talented author of a machine which has effected more revolu- 
tion and greater changes in the social system than probably all the vic- 
tories and all the conquests that have been achieved since the first dawn 
of science upon civilised life. It would be useless to trace the history of 
the successiul and the unsuccessful attempts at impn>vement which, for 
the last half-century, have presented theujselves for public approval; sufiice 
it to observe, that no improvement has been made upon the simple prin- 
ciple of the steam-engine as left by Watt^ and but few upon its mechanism. 
In the construction of the parallel motion, the application of the crank, the 
governor, and the sun -and -planet motions, all of which have risen spon- 
taneously from the mind of Watt, there is no improvement. The prin- 
ciples upon which all of them are founded have been rt*peatedly verified 
beyond the possibility of doubt; and their mechanism is at once so ex- 
ceedingly simple and so ingeniously contrived, as to limit every attempt at 
improvement in these parts of the steam-engine. What appi’ars to be tlic 
most extraordinary part of Mr. Wart’s engine is, its perfect simplicuty, and 
the little he has left to be accomplished by his successors.” 

We now hasten to conclude our notice of Watt* After the expiry of 
the period which parliaii^ent had granted him to monopolise the profits of 
the steam-engine. Watt retired from the firm; and leaving the manage- 
ment of the business to his son and the son of Bolton, retired from ** that 
establishment which his genius had matured, and to which it had given a 
celebrity as wide as tlie boundaries of civilisation, to the enjoyment of the 
fortune which lie hjul accumulated from the meritorious and well-directed 
exertions ©f a hfe distinguished for its activity and usefulness. The patent 
expired in 1800; and in the house which he occupied while at Boho, he 
resided till his death, which event occurred on the 23d of August, 1819, 
He had suffered some mconvenience through the summer, but was not 
seriotisly indisjKisiHl till within a few weeks of his death. He then became 
perfectly aware of tl>e event which was approaching; and, with his usual 
tranquillity and benevolence of nature, seemed only anxious to jjoint out to 
the friends around him the many sources of consolation which were afforded 
by the circumstances under which it was about to take place. He expressed 
his sincere gratitude to Providence for the length of days with which he 
had been blessed, and his exemption from most of the infirmities of age; 
as well as for the calm and cheerful evening of life that he had been per- 
mitted to enjoy, after the honourable labours of the day had been concJudeil 
And thus, lull of years and honour, in all calmness and tranquillity, he 
yielded up hia soul without a pang or a struggle, and passed fW>m the 
bosom of bis family to that of his God.” We conclude tliis portion of 
our treatise by giving the celebrated eloge pronounced on Watt as an in- 
ventor by M. Arago, the well-known French philosopher; also bis cha- 
racter as a man by Lord Jeffrey. 

“ Gentlemen, — This creator of six or eight millions of workm^ — of 
workmen indefatigable and industrious, among whom the arm of authority 
is never called upon to interpose for the suppression of revolt ; this man, 
who, by his brilliant inventions, conferred upon England the means of sus- 
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taining tlwelf during a political conTuiflion where its rerj existence as a 
nation was. endangered ; this modem Archimedes, this benefactor of the 
whole haman race, whose memory future generaticns will eternally bless,— 
whi^ was done to heap honour upon this man/ The peerage is in England 
the hrst of dignities, the highest of national rewards. You will naturally 
suppose that Mr. Watt was at least elevated to the highest rank in the 
peerage. Such a thing was never even thought of. . . . Futurity will behold 
Watt appear before the grand jury of the inhabitants of the two hemi* 
spheres: they will see him penetrating, with the aid of his mighty 
machine, into the bowels of the oarth, in the short period of a few weeks, 
to depths where, before his time, it would have required a century of 
painful labour to arrive ; and there opening up spacious galleries and 
mines, chjaring them in a few minutes of the immense volumes of water 
that encumber them, and snatching from virgin earth the boundless mineral 
wealth deposited there by bountiful nature. Uniting delicacy with power, 
he will be seen twisting with equal success the immense folds of the gigantic 
cable, by which the ship of the line embraces in safety her anchor in tiie 
midst of the tumultuous tossing waves ; and the microscopic filaments of 
the delicate muslins and the aerial lace which fioat on the zephyrs of 
fashion. A few oscillations of the same machine will bring into culture 
extensive swamps ; and fertile countries will be rescued from the periodic 
and deadly miasmata raised up by the burning heats of a summer sun. . . . 
Population, well fed, well clothed, well warmed, increasing with rapidity, 
is fast covering with elegant mansions the surface of countries formerly 
the deserts of the world, and which eternal barrenness appeared to condemn 
to the dominion of beasts of prey. In a few years, what are now but 
hamlets will become important cities,; in a few years, towns such as Bir- 
mingham— where already one reckons three hundred streets — will take 
rank as the largest, most beautiful, and wealtliiest cities of a powerful 
kingdom. Transferred to our ships, the steam-engine will replace a 
hundred-fold tlie power of triple and quadruple ranks of rowers, from 
whom our forefathers exacted a labour reckoned among the severest 
punishments of tlie most atrocious criminals. The steam-engine, in con- 
clusion, drawing in its train thousands of travellers, will traverse the rail- 
way with far greater velocity than the best race- horse loaded only with his 
pigmy jockey. 

“ There, gentlemen, is a rapid sketch of the legacy of benefits conferred 
on the world by that machine which the ingenuity of Watt carried to such 
admirable perfection. We are accustomed to quote the ‘ Augustan age,* 
the time of Louis the Fourteenth. Noble spirits have already arisen, who 
have thought it just to speak of the age of Voltaire, of Rousseau, of Mon- 
tesquieu. For my paist, I pronounce without hesitation, that when to the 
immense services wi^ch the steam-engine has already achieved, there shall 
be added all the marvels it promises for the future, a grateful world will 
also cite the ages of Papin and of Watt.** 

The following is I^rd Jeffrey's admirable sketch of the charact^ of 
Watt. From this will be seen that the greatness ol Watt as an ^^eer 
pleaded from the fimt, that he was not merely an engineer, but did not 
disdain to take what would be called by a mere mechanic dia<mr8ive fiighto 
into the regions ofgenml ynenoe, g^ering therefirom that strength of 
mind and that energy of imagination which enabled him to go so far be- 



HISTORY OF YHB STKAM^XNaiHX. 


57 


jrood the beaten path of the mere mechanical improrer. Independently,** 
saya Lord Jeffrey, “ of his great attainments in mechanics, Mr. Watt was 
an extraordinary, and in some respects a wonderful man. Perhaps no 
individual in his age possessed so much and so varied information, had 
read so much, or lemembered what he read so accurately and well. He 
had infinite quickness of apprehension, a prodigious memory, and a certain 
rectifying and methodising power of understanding, which extracted some- 
thing precious out of all that was presented to it. His stores of miscella- 
neous knowledge were immense, and yet less astonishing than the command 
he had at all times over them. It seemed as if every subject that was 
casually started in conversation with him, had been that which he had 
been last occupied in studying and exhausting ; such was the copiousness, 
the precision, and the admirable clearness of tlie information which he 
pour^ out upon it, without effort or hesitation. Nor was this promptitude 
and compass of knowledge confined in any degree to the studies connected 
with his ordinary pursuits. That he should have been minutely and 
extensively skilled in chemistry and the arts, and in most branches of 
physical science, might, perhaps, have been conjectured ; but it could not 
have been inferred from his usual occupations, and probably is not 
generally known, that he was curiously learned in many branches of anti- 
quity, metaphysics, medicine, etymology, and perfectly at home in all the 
details of architecture, music, and law. He was well acquainted too with 
most of the modern languages, and familiar with their most recent litera- 
ture. Nor was it at all extraordinary to hear the gn at mechanician and 
engineer detailing and expounding for hours together the metaphysical 
theories of the German logicians, or criticising the measures or the matter 
of German poetry. 

“ It is needless to say that, with those vast resources, his conversation 
was at all times rich and instructive in no onlinary degree; but was, if 
possible, sdli more pleasing than wise, and had all the charms of familiarity 
with all the substantial treasures of knowledge. No man could l)e more 
social in his spirit, less assuming or fastidious in his manner, or more kind 
and indulgent towards all who approached him. He rather liked to talk, 
at least in his latter years ; but though he took a considerablo share in the 
conversation, he rarely suggested the topics on which it was to turn, but 
readily and quietly took up whatever was presented by those around him, 
and astomshed the idle and barren propounders of an ordinary theme by 
the treasures which he drew from the mine they had unconsciously opened. 
He generally seemed, indeed, to have no choice or predilection for one 
subject of discourse rather than another, but allowed his mind, like a great 
encyclopedia, to be opened at any letter his associates might choose to turn 
up, and only endeavoured to select from his inexhaustible stores what 
might be b^ adapted to the taste of his present hearers. As to their 
capacity, he gave himself no trouble; and, indeed, such was his singular 
talent for making all things plain, clear, and intelligible, that scarcely any 

i one could be aware of such a deficiency in his presence. His talk too, thougn 
overflowing with inibrmation, had no resemblance to lecturing or solemn 
[discoursing ; but, on the contrary, was full of colkiquiai spirit and pleasantry, 
^fie had a certain qniet and grave manner, which ran through most of 
[bonveraatkm; and a vein of temperate jocularity, which gave infinite zest 
land efka to the condensed and inexhaustible inlbnnation which fixnned ^ 
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xtudn staple and characteristic. There was a little air of affected testiness 
too, and a tone of pretended rebuke and contradiction with which he used 
to address his younger friends, that was always felt by them as an endear- 
ing mark of his kindness and familiarity, and prized accordingly beyond 
all the solemn compliments that ever proceeded from the lips of authority. 
Ilis voice was deep and powerful, though he commonly spoke in a low and 
somewhat monotonous tone, which harmonised admirably with the weight 
and brevity of his observations, and set off to the greatest advantage the 
pleasant anecdote, which he delivered with the same grave brow, and the 
same calm smile playing soberly on his lips. There was nothing of effort 
indeed, or impatience, any more than of pride or levity, in his demeanour ; 
and there was a finer expression of reposing strength and mild self-posses- 
sion in his manner, than we ever recollect to have met with in any other 
person. He had in his character the utmost abhorrence for all sorts of 
forwardness, parade, and pretension; and, indeed, never failed to put all 
such intposturcs out of countenance, by the manly plainness and honest in- 
trepidity of his language and deportment. 

** In his temper and dispositions he was not only kind and affectionate, but 
generous and considerate of the feelings of all around him; and gave the most 
liberal assistance and encouragement to all young persons who showed any 
indications of talent, or applied to him for patronage or advice. His health, 
which was delicate from Ids youth upwards, seemed to become firmer as he 
advanced in years ; and he preserved up almost to the last moment of his 
existence, not only the full command of his extraordinary intellect, but all 
the alacrity of spirit and the social gaiety which had illumined his happiest 
days. His friends in this j)art of the country never saw him more full 
of intellectual vigour and colloquial animation, — never more delightful or 
more instructive, — tlian in his last visit to Scotland in autumn 1817. 
Indeed, it was after that he applied himself, with all the ardour of early 
life, to the invention of a machine for mechanically copying all sorts of 
sculpture and statuary ; and distributed among his friends some of his 
earliest performances, as the productions of * a young artist just entering on 
his eighty- third year I’ ” 

The discoveiies of Watt, and the ingenious arrangements which he 
introduced, gave a gi*eat impulse to the inventive talent of others. The 
pecuniary advantages attendant upon the successful introduction of a steam- 
engine were too obvious not to act powerfully as an inducement for practical 
mechanics, as well as scientific men, to turn their attention to the subject. 
We propose, under the present division of our work, to describe a few of 
the more inqiortant of these inventions. The first we notice is that of 
Homblower, the first who introduced into practice the “ double-cylinder 
Q]|ginca,'’ modifications of which principle are now so largely adopted. The 
, latent was taken out in 1781 ; but in 1779 Dr. Falck described a method 
by which he proposed to double the effect of steam by the use of two 
cylinders, taking advantage of its expansion. He employed two cylinders, 
the steam-communication from the boiler l)eing common to both: in rushing 


into one cylinder, it was prevented from doing so into the other; and after 
depressing the piston of the first cylinder, it was admitted into the other, 
on the piston of which it operated in like manner. 

Mr. Jonathan Homblower, previous to the introduction of Watt's steam* 
en g ine to the Cornish district^ had been generally employed in the con- 
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straction of engines on the old principle for the Cornish adventurers; it 
Was therefore a matter of great importance to him, to be able to retain his 
business there. He therefore made strenuous efforts to oppose the intro- 
duction of Watt’s engine to a field which he looked upon ns exclusively his 
own ; and with this view, he took out a patent for his double-cylinder ex- 
pansive engine in 1781, which is said to have been invented so early as 1776. 
A description of this engine was given by Hornblower in the Encyclopwdm 
Britannim, which pretty clearly explains its principle. The following dia- 
gram and explanation is derived from this. 

In fig. 32, A B are two cylinders, of which a is the larger ; the piston- 
rods are connected with the beam, as in Watt’s single-acting engine; a 
square pipe G supplied the steam to tlm cylinder b ; the eduction-pipe lead- 



ing to the condenser is shown at K, which was formed of a conical shape; 
this was connected with rod-pumps for extracting the air and water; water 
was admitted to the condenser by a valve placed at the bottom, and a pipe 
was connected with it leading upwards, and fhmished with a blow or 
anifting valve. The square pipe o branched off to both cylinders, and was 
furnished with two cocks c d; on the other side of the cylinders another 
square pipj is also placed, having in like manner two cocks a 5; the vertical 
j»pe y establishes a communication between the upper and lower parts of 
the cylinder b by opening the cock 6. All these valves or cocks are actu- 
ated by the plug- frame attached to the great beam, in somewhat the same 
way as in Watt’s engine; a pipe similar to y is placed on the other side of 
the cylinders, communicating with the valve d. “ When the cocks c and a 
are open, and the cocks b and d are shut, the steam from the boiler has 
free admission into the upper part of the small cylinder B, and the steam 
from the lower part of b has free admission into the upper part of the great 
cylinder a ; but the upper part of such cylinder has no communlcatioii with 




I oondenw), tile steun must drive out dll the «ir, end at hut 
it through the snifting-valve. Now shut the cocks b and rf, and 
e^^ the escape-valve of the condenser^ the condensation will immediatelj 
commence, and draw off the steam from the lower part of the gi^t cylinder. 
There is now no pressure on the under side of the piston of the great 
cylinder a, and it immediately descends. The communication y between 
tte lower part of the cylinder b and the upper part of the great cylinder a 
being open, the steam will go from the lower part of b into the space left 
by the descent of the piston a. It must therefore expand, and its elasticity 
must diminish, and will no longer balance the pressure of the steam coming 
from the boiler and pressing above the piston of b. This piston, therefore, 
if not withheld by the beam, would descend till it came in equilibrio, from 
having steam of equal density above and below it. But it cannot descend 
so fast, for the cylinder a is larger than B, and the arch of the beams, at 
which the piston is suspended, is no longer than the arm which supports 
the piston of b ; therefore, when the piston of B has descended as far as the 
beam will permit it, the steam between the two pistons occupies a larger 
space than it will when both pistons w^ere at the top of their cylinders, and 
its density diminishes as its bulk increases. The steam beneath the small 
piston is therefore not a balance for the steam on the upper side of the 
same; and the piston u will act to depress the beam with all the difference 
of these pressures. The slightest view of the subject must show, that as 
the piston descends, the steam that is between them will grow continually- 
rarer and less clastic, and that both pistons will draw the beam down- 
wards. Suppose, now, tliat each one had reached the bottom of its cylinder, 
shut the cock a and the eduction -valve at the bottom of a, and open the 
cocks b and d. Tlie communication being now established between the 
upper and lower part of each cylinder, their pistons will be pressed equally 
on the upper and lower surfaces ; in this situation, therefore, nothing 
hinders the counterweight from raising the pistons to the top. Suppose 
them arrived at the top; the cylinder b is at this time tilled with steam of 
the ordinary density, and the cylinder a with an equal absolute quantity 
of steam, but expanded into a larger space. Shut the cocks b and d, and 
open the cock a and tlie eduction-valve at the bottom of a ; the con- 
densation will again operate, and cause the pistons to descend; and then 
the operation may be repeated as long as the steam is supplied ; and one 
measure-full of tlie cylinder b of ordinary steam is expended during each 
stroke.*’ A glance at tliis invention will show the close similarity existing 
between it and tlie arrangements of Watt's engines : “ the condenser and 
air-pump, the cylinder-covers with their stuffing-boxes, and indeed every 
thing about the engine, is evidently borrowed from Mr. Watt, witi 
the single exception of the two cylinders ; and by them nothing was accom- 
plished that bad not been already attained by Mr. Watt quite as effectually 
with a single cylinder only.” Although liornblower claimed for his engine 
a superiority in an economical point of view, giving it a power equal to 
sixteen with the same quantity of coal which in Watt’s only ^ve ten, 
still his practice did not bear out this assumption: Professor Robinson, by 
a series of elaborate oalcolations, made it evident that the same effect was 
produced in this as in Watt’s expansion engine; which were borne out by 
diepiiiotioeofHombbwer hi^^ Frcmi having adopted the priix^ 
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tiie sepiMe oood«3t«er» this engine was an inMngttoai^t of Watt's patent ; 
proceedings were tiberefore taken, some years after the introdaction of 
Homblower’s patent, against several parties who had used it At the ex* 
piration of Homblower's patent, he i^^plied to parliament to a renewal of 
^ privileges, without, however, being successful. 

In fig. 88 we give a drawing of a very ingenious form of steam-engine, 
known as Dr. Cartwright’s, in which there are several points worthy of 
notice. In fig. 38, aa is the cylinder, the piston; the piston-rod is con- 
tinued downwards to work the piston of a small pump, which withdraws 
the water of condensation from the condenser d, forcing it up the pipe e to 
the hot- water well gg\ a float-ball is placed within this cistern, whicm acts 
upon the lever closing and opening the valve on the top of the well to admit 
to atmosphere; this cistern, acting as an air-vessel, sends the water in a 



fig. 33. 


continuous stream up a pipe. A valve opening upwards is placed at the 
top of to pipe leading fi^m to pump beneath to cylinder to the hot-water 
etstern, and another vahre is placed at the bottom of the pump, <^>eniiig 
i^rwards; a pipe communicates with to interior of the cylinder at bottom, 
and is lad to the condenser d, into to space formed by to two conoentric 


ef 


HISTORY or THE STSAM-EKanOI. 


oiimilar yessels, the outsides of which are kept cold hj beiog immersed in 
the cold water contaiued in the cistern. Steam is admitted to the upper 
side of the piston by the pipe e through the valve k ; the spindle of this 
valve is continued for a short distance on both sides, the upper end pass- 
ing through a stuffing-box in the valve-case; a valve c is placed in the 
piston, opening upwards; the piston-rod passes through a stuffing-box in 
the cylinder-cover; and by a cross-head, levers, and wheels, the recipro- 
cating motion of the piston-rod is changed to the circular motion of the 
fly-wheel. For a description of this movement see Mechanics and Mechan- 
ism^ p. 80, fig. 153. 

The following is a description of the movement of this engine. On the 
piston being placed at the top of the cylinder, the piston strikes the tail or 
lower end of the spindle of the valve A, raising it out of its seat; this allows 
the steam to pass to the cylinder, pressing down the piston ; tlie valve c in 
the piston is at the same time closed by its upper end striking against the 
cylinder-cover; on the piston reaching the bottom of the cylinder, the 
valve A is pressed into its seat by the cross-head ii striking its spindle, 
and the valve in the piston is opened by its lower end striking against the 
cylinder-bottom; the steam above the piston rushes through this valve, 
and pressing into the space between the vessels forming the condenser, the 
condensation is effectexi, and a vacuum formed above the piston ; the mo- 
mentum whicli the fly-wheel has derived from the downward stroke of the 
piston carries the piston upwards through the vacuum; the valve A is then 
opened, and c closed as before, and another down- stroke is made. Simul- 
taneously with the descent of the piston in the cylinder, the piston of the 
pump is forced down; this closes the valve at bottom, and forces the water 
contained in the barrel of the pump beneath the piston up the pipe open- 
ing the valve and passing into the cistern; on the great piston rising, the 
pump-piston also rises, raising at the same time the valve, and drawing up 
the condensed water from the condenser. Several engines of this descrip- 
tion were erected, and worked satisfactorily. In tliis engine, the whole of 
the parts of the piston were metallic. In a future cliapter we propose to 
describe the construction of this form of piston. In this form of engine, the 
air which was pumped out of the condenser along w ith the condensed water 
was passed to the hot-water cisteni ; on its accumulating to a great degree, 
it depressed the surface of the water, the float sunk along with it, and the 
valve in the top of the box btdng opened, a jxjrtion of the air escaped. 

In 1804 Arthur Woolfe, of Camboume in Cornwall, obtained i patent 
for an improved steam-engine, in which advantage was taken of the expan 
give properties of steam. He employed steam of considerable pressure 
work the piston of a small cylinder; and on its escaping from this, it was 
applied to the piston of a cylinder much larger in size, and wliich com- 
municated with a condenser. The proj)erties of steam on which this en- 
gine was founded, and the truth of which Woolfe thought he had esta- 
blished, were as follow : 

Previous to his experiments being instituted, a fact had been asserted 
relative to the expansive property of steam, that with the expansive force 
of four pounds to the inch, steam was capable of expanding into a space 
ibur times its volume, and yet be eqtial Utereafler to the pressure of the 
atmosphere. His experiments led him to infer, ffiat steam of five pounds 
to the incdi would eiqpand into flve times its volume; and that with 
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of 6, 10, 20 lbs, to the inch, would expand into 6, 10, 20 times 

bulk, and still have a pressure equal to the atmosphere, without any 

iiadditional supply of heat On this supposed discovery of the expansive 
%)roperty of steam, he proportioned his cylinders : if he adopted steam of 
Six pounds to the inch, his large cylinder was six times the volume of the 
small one. Experience, however, soon shom^d the iiillacy of tliis opinion ; 
indeed, Woolfe himself was the first to become aware of it, and in his aAer- 
practice he adopted different proportions. The principle, however, of his 
engine is still in vogue with many of our engineers of high standing, and 
is being carried out in numerous instances, and with great success ; it be- 
ing beyond a doubt, that, by judicious arrangements, it is calculated to 
become an economical method of working. 

We have now to notice the principle of** the high-presmre 
and a few historical points connected with it. 'J'he distinction lajtween 
low-pressure and condensing engines, and high-pressure and non-con- 
densing engines, is simple enough, and easily remem liered. In the former, 
the steam, after working the engine, is passed into the condenser, and a 
vacuum being formed on one side of the piston, it is sucked down as it 
were, and by this means a considerable degree of power is obtained ; in 
the latter, the steam, afler working tlie piston, k passed at once to the 
atmosphere. An eminent authority thus dktingiiishes between the two, 
and draws a comparison between them: ‘‘All locomotive engines are of 
the high-pressure variety; and generally all engines arc made on the high- 
pressure plan where the carriage of condensing water would be inconvenient, 
as the first cost of the machine becomes a point of more importance than 
an increased consumption of fuel. High-pressure engines are, coeteria 
paribus^ necessarily more expensive in fuel than low-pressure engines, os 
they occasion the loss of the power derivable from a vacuum ; and as the 
quantity of heat in the same weight of steam is nearly the same at all 
pn*asurcs, there is no counteracting source of eccmoiny to compensate for 
this deduction. The use of high-pressure engines in circumstances in 
which the low-pressure engine is applicable, is not to be commended; and 
the high-pressure engine is rarely employed for other purposes than loco- 
motion on railways, except in the case of very small erjgines required for 

some temporary or trivial purposes Where high-pressure steam is 

employed, it is expedient to make the pressure considerable, as the deduc- 
tion to l>e made for the pressure of the atmosphere k less in proportion 
with a high than with a moderate pressure. Some locomotive engines are 
worked as high as 90 lbs. to the square inch,’* Notwithstanding the ob- 
jections urged against the use of high-pressure engines, they are adopted in 
great numbers, and for an almost infinite variety of purposes in connexion 
with our arts and manufiictures. Although with steam of high-i>re88ure 
considerable danger exists in the liability explosion of the boilers, still, 
from the general simplicity of detail, and the consequent cheapness in con- 
struction, and their extreme portability, we nec^ not wonder at the 
extensive demand which is made for them. 

The merit of the introduction of the first high-pressure steam-engine 
belongs to Leupold, a native of Plunitz, near Zwickau. He descrih^ it 
in hk celebrated work entitled Tluatmm Maehinarum HgdrauHedrtm, 
published in 1727. With a modesty which formed not the least striking 
dilffacterktic of this amiable man, he attributed the invention to Pa|^ 
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becMie this individiiAl furnished the idea of using the expansiTe fsroe of 
steam to raise water, and from his haring taken the four-way cock which 
Papin used in his air-engine. The engine as constructed hy Leopold m 
remarkable for the simplicity of its detaUs ; a diagram showing the 
method of its operation is given in fig. 84 : where aa is part of the boiler, 
on which a four«way cock b is placed; c and d are two pipes communicat- 
ing with the bottom of the two cylinders, in which the pistons e and / 
work; these are placed alternately, — that is, when the piston / is at the top, 
e is at the bottom ; they are both loaded with lead, to act as counterpoises, 
and bring down the ends of the beams g and h to which they are attached; 
the other ends of these beams have pump-rods attached. Supposing die 
piston / at the top of the cylinder, the four- way cock is turned one quarter 
round; this opens a oommunication between the cylinder in which / works 



and the open air, and between the boiler and the cylinder in which e works; 
the steam in /passing into the cur, the pressure on the piston is relieved, 
and it descends ; the steam, however, acting on the piston of the cylinder s, 
presses it to the top; there have been thus two strokes of the pump-rods, 
one up by the cylinder piston /, the other down by s. On / reaching die 
bottom of its cylinder, and e the top, the four-way cock is turned back 
again a fourth ; the communication between the interior of cylinder e and 
the atmosphere is thus opened, and between the boiler and cylinder /; a 
down stroke ofe is thus made, and an up one of /; and so on alternately. 

By an inspection of the specification of Watt's steam-engine, already 
given, it will he seen that he contemplated the use of high-pressure steam ; 
he, however, had a decided objecdmi to its use, and oonaequendy did not fur- 
ther prosecute hit ideas. In 1802, Messrs. Tievethick and Vivii^ of Cam^ 
bourne in Cornwall, took out a patent for a high-pressure ei^i^ whidi 
was naed to propd a carriage or wagtm : the amuDgementa of diis engine 


Aad some of the detsMs modtled, fom feetoes 
in tumj of tim modem hi^^^-pressure engines* In %« the hoikr a a is 
O^A mfcakr focm^ to lemt tibe high jnessuie of th» steem; to pievent Ate 
joss of host hj riidiAtio&, it u enclosed in e oese illed wiA oky ; the 
lower pert of the case forms the fire-place^ and the dame end heated air 
eireaUites rmind the boiler at its upper part, finally issuing into the 
chimney ; e the cylinder, the lower of which b wiAin &e boiler ; 
4 Aie |n^n ; g me piston-rod, passing through a stuffing-box in the 

S linder-cover, and haring a connecting-rod h attached to the crank t; by 
b arrangement the fly-wheel revolves. The piston-rod works between 
guides, as shown in the diagram. A worm or snail wheely in its revolu- 
tion acts on the small wheel ib, whbh b fastened on the end of the lever I, 
ffimbhed with a counterpoise n ; steam is admitted to the cylinder by the 
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passage e through ^ ralrey ; by moving thb cock or valve a quarter-turn, 
the steam b admitted mtto to the upper or tmder-dde of the cyUnder^ 
Bf the fallii^ d the whed 4 by the action of the cam or snail-wheel^ tibs 
mer b ^bpresaed and the wei^ n rises ; thb acts on a brer m§ aad hf 
bs tower end move omward% pulls the hcMtisontid lever e th|om 
cf^its ladius t imd thsoui^ the saedtaiu of the lever 




mof6i wond ooo <punifr» A cBck or nldi^fc M ^ 
te|flli««piiidle ^ ^ tiliofeffir^M 

im^y fu g outwards, does not move the oock/; bnt when, the extran^ $4 
the wonn^-wheel j touches the whed A which will hi^ipen when ptoott 
)s near the top of its stroke, the whed h goes into the cavity of the com* 
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whttdi* ^ ^ extmnitY of m retoming, the lever o toms the ctxkf m 
^ iwnad i ^ds taints the s te am to uppoNode of the pidoiii ted 

AetiMMidi 

oondwsirm to the pgesem diyidoe of ewr wsdi^ 
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^Tisicm 4ciei^pti(»3« of the raHotis ^tttils of mod^ engiiio^ 
tts IcMsd'^pparatuBi oj^liodor^'tsivoi) Yidvo goftr- 

liilcnit-^--^^ Mid tnetallio, &c. &o. 

lo %. 86 we gitc a diawing of a large pumping engine Mooted at 
Wfdbottle Ckdlkiy, Northumberland^ by the celebrat^ engineeting firm 
of Mesm. Hawthorn of Newcastle. The principal feature in the arrange- 
ment is the economy and simplicity of working the iSprcing or plunger 



wra wlA two Hllaiig-pmiips direct ilrom beam; the migine^ hiring n 
— conden^ one on the ewpnnsiTe piiiieiple, there is liMti- 


fi#ii in-door aoi o«t4oM iCiolm* 


of d^oiigiiit iire as 




m 




tliecyiinderaa^is 77iiu:bei in dia 2 neter,iitcokel 0 £iet| 
Jdi^heam mm 17f ieet and 14 feet — 31^ total: lengdi ofatrc^e of 
nn S feet, diameter of the plunger or ram 2df inches; diameter of lifebig- 
Tpumps inchefl. The pumpe deliver from 1100 to 1500 galloiie of 
water per minute, according as the strokes are 5 or 7 per minute; 5 5 life 
valves and steam-pipe lea^ng to condenser c; s the injection-i»pe mad 
^Jiandle ; dd the air-pump a^ lever ; a the centre plununct-block| on 



which the great beam m m vibrates ; ^ y the stairs for gaining access to the 
upper-stoTY of &e building x x* The water is led off to a neighbourii^ 
valW/ by the drifr t w. 

^ 37 we give an elevati<m of a double-actiiig condsoslng 

fe H^l7imght"i patent has been applied; wUhoot the wmaU cyl^K^ 
da fee amii g yw^ pt a doubie^tbg oondenatng engit% as epplM fe 
fjfanufecliife^ be eapOy wdey s tood |rain an 
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0ie 9 9 , tbe spring betoi, on which the plnmniet-block I is fixed; 

li%^e beam (or waikmgf beam, as it is tmrmed bj working 

engineers); e, the eonnectmg-rod for turning the crank and fiy- wheel 2 2; 
f the central pillar, b b the cylinder, k the piston*rad, w the parallel 
motioQ ; 1 1 the air-pump rod, 2 2 the hot- water pump ; the Taives in 
Talire-easing, are worked by the eccentric-rod and leyers, dde> Where 
the power of the engine originally fitted-up becomes too small for the 
inermed work to be done, it is increased by the very judicious arran^ 
ment as patented b^ Mr. M^Naught of Glasgow and M^chester, and the 
principle of which is also shown in the diagram in fig. 37, The steam 
is admitted at high-pressure to a small cylinder a a, fitted on the sidi^ of the 
beam next to the connecting-rod, and the parallel motion of which is 
attached to the spring beam, in the same way as in the large or original 
cylinder bb; after working the piston of the high-pressure cylinder a a, 
the steam passes by the pipe s to the low-pressure cylinder b 6, fmm which 
it finally passes to the condenser. The valves of the high-pressure cylinder ' 
are worked by levers c c, which are attached to the lever which works the 
valves of the large cylinder; by this arrangement the valve-gear of both 
the cylinders is connected; and when that of the low-pressure cylinder 
is disconnected, by throwing tlie main eccentric out of gear, both sets of 
valves are disengaged, and can he worked with the some handle or lever 
simultaneously. The cold-water pump is proposed tso be worked, eitlier by 
a continuation of the piston-rod of the high-pressure cylinder below the 
cylinder, as at /, or by a cross-head to the piston-rod of a «, furnished with 
side-rods attached to the ends of a cross-bar beneath the cylinder. To 



fig. 39. 


this bar a pump or pumps may be attached. The steam acts upon the top 
of one piston and the bottom of another alternately; by this means muen 
of the strain and shock is taken off the central journal of the beam w w ; 
and by consequence, from the entablature-pillar and the walls. this 
arrangement of double-cylinder engines much fuel is saved, extending in 
some instances to 40 per cent; increased steadiness of movement is dso 
insured* The arrangimeiit is also adapted to marine-enginei^ a dbiws of 
which possesses ma^ advantages, making it highly tdigible &r 
nuuuifiu^^ ptOT^oaes. diagram in fig. 38 illustrates a form of 
adaj^ed for a liidtoiy, to which lf*Nau|d>t*s is ap- 
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1M$ example pieieiiti mmy meehaoical m^eliieii^ ef 

we shall % nJ^er fall desmxptioD 4eiliilli. 

Ife. 88 ii the aide elevaticm, and fig. 89 the plan. Ihe h%li*pieaim 
ejlnder a is 22 inches diameter, and 4 feet stroke; it is placed between the 
four wrought-iron columns supporting the crank-shaft The system of 
eomieetions for the crank is on the plan inyented Mr. David Napimr. 

The louh^esiure cylinder i, which is worked by the exhaust steam 
from the cylinder a, is bolted to the sole-plate at the opposite end of the 
•ide-levers 1,2. It is 38 inches diameter and 4 feet stroke. The crank* 
shaft bearing is stayed by two wrought-iron stays K, cottered into eyes 
cast on the inner ends of the crank-framing, and attached to the upper 
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inner* edge of the cylinder by two eyes cast on the ends of frames l, 
attached at their extremities to the hot- well and the cylinder. The body 
of each of the pistons consists of a single hollow casting with four radiating 
strengthening feathers. The packing is composed of two cast-iron rings, 
each with two cuts, and actuated by a series of h springs placed between 
the body of the piston and the interior surface of the rings. The cross- 
head If is attached to the top of the piston-rod by a central eye in Ae 
usual manner, and is adjustable by a nut bearing on the upper-surface df 
the eye; from the ends of this cross- bead the wrought-iron side-rods ir 
past down to the joint-studs in the double eyes of Uie side-levers, where 
th^ are attached in the usual manner (see Mechanic$ md 
The parallelism of the pistcm-rod is maintained by the arraiigeinent m 
radhaa bars, detailed in ^e divudon of this work JHarms The 

low-preesure cyHndmr, i, is cartkd pafr of 
tiiio]^ % paasibjg through round eyes for^ in the 

^ kill extmdties upcm tim bf 





<if Aft rookuig-ahaft pedertaia Tha paialM m<h 

tym ffoftft oC tha raall cjHnd^ is earned bearinga on tbe u^per* 

sides of ^ diagonal stays % which are fiUed with round eyes at one end 



Ibr rfiifFt»*g upon the wrought^Km pillars of die crank-temiiig, wheii dbsy 
are snppi^led by ccdlars; the contrary ends aie bolted to the padhstels 
qres are cast far the purpose. Bie air-pnmp » jb |WstW 
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•m 

iittaciied to ttads m the ineer^des of ^ fid^levei^ I 
ewn>4teiid being guided by light irmisght^iion gnideHrods . bc^M to ^ 
OQ^ trf the pump, end paaeing through eyes piurposdy iwined in the 
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head ; their upper-ends being fixed in the short diagonal stays q. The 
condenser is of a rectangular section, and, together with the steam -passage 
leading from the low-pressure cylinder, is cast in one piece with the sole- 
plate. An air-vessel is fitted on its top, and on each side is bolted a 
pedestal f for tlie rocking-shaft of the valve-motion. The valves are of 
the usual single-cup species, similar to those used in locomotive engines; 
they are kept up to the valve-face by slight bent springs attached to the 
interior of the steam- chests. They are worked by an eccentric on the 

orauk^aA;, the rod of which is fitted with a plain gab and guard at 
the extremity, for the pin of the rocking-lever t ; the detaching apparatus 
ibr throwing it out of gear being worked by a hand lever on ^ end 
of a transverse idiafl passing across the engine. The rocking>lever T is 
doable atided, the eye at the lower end being jointed by a connectiiig link 
to a seo(»id lever t, placed on the rocking-shaft w, carrying a lew fiajr 
working the valve of the high-pressure cylinder. The main roddng-shi^ 
passes eoross the eai^iie from front to back, and caznes a diort^lMhed 
Wflgineiv^ riaoed just wi^in the fixmt pedestal Near the end ^ this . 
w mimA a atodipiib which a lever-rod paiass to tlm lever % i 
xi 'Woiking m beamiga 'in .frames 



eadi aul ibr giving mo^on to t&e oross^lieid oft!^ 
Ttlvo^ which is guided vertieal rodi, in the seme 
nuumr at the «h^|raBsp bucket By this anaugoueut tlie might of one 
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balances the other. The governor is situated behind the hi|^« 
tte cylindeTf Us spiudle a being supported in a footstep on the euglne* 
ftooff and steadied at its uf^r-end by two wr(^ht*min ita^ 
Mo the eraak-^iaft firaimftf. The ending* ring worked m 
r ievm is jointed to two light links b bf passing up to a leNw on 
lAaftao; wben^ by a aoiee oClevers and eooneotiiig Biriu»tlMiinotlon 
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k to the throttle-TalTe, whioh it placed hi the atene-fipe in 

#0^ ofdie Ttira-chett ofthe cylinder a. The ^eom^pipe from the mleTf 
iprhidi it not ebown in the dmwiogt^ condoctt the tteam by ^ thoioi|||^* 
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fere di ieen in the ground-plan; a corresponding passage, c, conveys the ^ 
exhaust steam by the dotted copper pipe / to the front of the valve-oheol : 
of the lov-pressore cylinder. ' V, 

^ehand-gw Ibr the valves omisists of a quadruple lever, feat ona 
spini^ canied in beanngs on die top of the omidenaer ; on die ' 
qf dui «pindle is a sn^ mnion, working into the toothed 
mrevibeely mendqi^ aa being axed on the miun valve lodkiagd 
vdpi it Ihiovm oQi 





iutftdM w, the vahres may be worked with great oere by ^e 
qhiidit^e-lerer 4, 4. The engine is bolted down to a foundation of ma* 
etxmy by tweke bolts, -^fbur at the high-pressure qrlinder, Ibur at the 
main centre, and four at the low-presstire cylinder. Two cast-iron beams 
of the double z section, 8 inches wide and 6 deep, are laid along the bottom 



fig. 45. 

of the masonry in a Im^tudinal direction, and through these the hoMini'- 
bcdts pass; thus binding the whole foundation t<^her, and g^tieg 
the side-|dales a drm hidd. Two ^wnsverte beams of shnilsr seotioii are 
laid in the masmiry, abcw# tibe longitudinal ones, their ends bahm laid in 
dbh iMiitosa of the two side-^ls ^the engine^hoiiie* By adsfug this 
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pbm ft ooiisidertble wvmg in the depth of maaomy is effected, and a most 
aobstanlial base is fomed* The action of the engine is pr^isely simitar 
to the oidinaiy Woolfe doidble-cjlinder engine; but the reiatiTe position of 
the two cylinders, effects to a very great extent the economy and regu- 
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iarity of the exponsiTe actbn of the steam, which may be here carried emt 
to the ntmost extent The high-pressure steam, acting at one end of the 
lide-lerers, is alwim balaneed by that of the low-pressure and the Taetimi 
in the larg^ cylln^ ; so that the combmed power of the two is conrwfN^d 
to the cri^*pm as if from a direct-acting cylind^^ The example we Imxe 

f *fmi is estimated at 60-bot»e power; but with the friU pressure eC 3$ lbs. 
cfta be worhed up to ISO. It was msxmlactiired by Messrfi and & 
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^ CMt Bank Foimdiy, #ar ^ 

^ W diwwim and description w a^ indebted to ibe oonrie^ oIHlf 
Ofltolff of tbe Fracdcal Mechanufs Jfmrwd^ Messrs. Jobnstone. I 

r£n %, 40 we gire an illostration of aaotber form of donbie^lbder^ 
expsnrive engine, lately introduced by Messrs. Yarley : aa is Ibe 
pressure cylinder; a connecting-rod placed between the cy&der and 
tile central pillar d, gives motion to tbe fly-wheel c ; the ecoenthc «m tine 
shaft moves the valves of the small cylinder; the steam, after working the 
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SQHdlq^ttnder, passes to the low-pMsurearc ss; at 

the ty^wheel eii g is the eond&iaer, x the air-pump, t the het*wtrter eis« 
tertt. en|^ possesses considerable novelty A arrai^g^ement, and li 
saidtSfuffiaradvautegialnworic^ Ihebidaaeeeftlteiiiov^ 

lilg usM is to 

U U m elevwtiou <^ a 



> ^ & of a liigli-pMflKm of kind 

imimm ai ^ enoikKiv^lMad ;** a is the eylixiaer, e llie «apply«|klM i&oat 
^ botkr, i& the exhaust ; the piston-rod is famudied mSi a eross^nead 
ediioli ^ee in the parallei slides ee; / the oonneotbig^Tod joked to the 
eraidc 0 ^ kh the dr-wned; motion is communicated to the goromor spindle 
the djr«wbeel shaft ; governor acts on a throttle-valve on the pipe c\ 

the vahres are worked by an eco^tnc placed in the fty-wheel shaft. 

In fig. 48 we g^ve an elevation of Fairbairn's high-pressure ewdc over» 
head engine. TUs is a firsb-class engine of its kind, the {uindpal jpeou- 
liarity l^ing that the working parts are placed within a circular casing of 
great el^anoe of design. 



fig. 49. 


In fig. 44, which is an elevafion of Crosskill^s fixed high-pressure 
steam-engine, we give another exao^e of the crank over-head variety. 

In fig. 45 we |»reseni an elevation of the form of high-preMure engine 
known as the ^ table engine in this form the fly-whed shaft is beneath 
the table or platform on which the cylinder stands; the shaft is provided 
witli two onuiks, side-rods being connected with them, and attached at the 
1 mlm^•ellds to the ends of a cross-head fixed on the piiton-rod end; Ihi 
cross-head move in parallel guides. (See Mei^kmief md 

in % 4fi we |^ve a dde devatioo of a lumaontal engke, in wUdb tlie 
whnder a is-|daoed horusonaally; 4cc the steam-pipe, d the valve cmiu^ $g 
the pklim*fiiide|/lhe comieeted with ooaneeli&g^ioik/ ^ 

^ esauk Is at I, fijr*whed at m; the governor o is moved by fibe ooai4^ wlA 
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amdl piir of bevil-wKeei«, p the rod for oomunimtoati^ 

indbre lit #; the pumps ti are worked by the osdllat^ terer jit 

of ^ lever is lengtheoed, and a lever is connected wi^ it, whi<^ eictendi 

downwards, and is moved backwards and forwards by the rod whioh is 

coamected to it at its lower end, the rod g being connected with the piston- 

rod stud. 

We now present examples of a form of engine in which the parts are 
much simplified ; this varietur is termed the “ oscillating engine,” The cy- 
linder vibrates on an axis either at top or bottom; at top if vibrating in a 



fig. 50. 


vertical plane, but at bottom it horizontally; by this arrangement the recti- 
linear motion of the piston is made to accommodate itself to the circular 
motioa of the crank, the piston-rod stuffing-box moving through the^arc 
of a circle; this enables the piston-rod to be connected at once with the 
crank, without Uie intervention of a connecting-rod ; thus securing the ad* 
vantages of direct action. The valves are worked in the ordinary way by 
eooentiios and levm ; but in some examples the action of the e;^nd^ it^ 
sdf Is made to open and shut them ; ffius simplifying the arrangements 
to a great degree* It is interesting to note that Watt constructed a nmdel 
of this form ^en^ne. This is simwn in %. 47. 

Ute cyUnder in this model, whudi was exhibited in foe Great Edbl- 




bi 48 we pre an ekmttkm of an oadlladftg engine by Erant 
eachibited in the Cryatal Palace; and in fig* 49 another example alio 
exhibited in the same place ; it is of raj el^uat deeigni in the Gothic 
style, and is mannfimtared by Pope and Sons of Greenwich. 

^ figt 50 we gite two views of a modificatioa of the oscillatiz^ engine, 
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introduced by Mr. Joyce of Greenwich, and termed the “ pendulous engine.” 
The principle introduced by Woolfe i« carried ouit in this form of engine ; 
the cylinders are bedded side by side, and inverted ; and suspended between 
the framing, the trunnion-pipes or steam-ways being placed at the ends, or 
what in the ordinary engine would be termed the bottoms of the cylinders, py 
this arrangement, a direct motion is given to the crank, without the introdtl^ 
tiem of the usual assemblage of appliances on the beam-engine. The cylinders 
vibrate fiem side to side, the movement of the cylinders working the slides 
means ofa bar ; in the cuts, fig. 50, a front and side elevation is givem 
^ Portable steam-engines are now much used for a variety of purpcwssi 
aid in agricultural operatians. In fig. 51 we give a view of Claytem aod 
Shutdeworth’s agricultural portable engine ; and in fig. 52 Messrs* Bsrrett 
aiMl Exhalfs engine far the ssme purposes. In %. 54 we give an elsvs^ 
tbm of Gough's portable engine, fi>r pumping water from qustito and 
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; and in fig. 53 another adaptation for drawing up ^urth firom 
xailwaf cuttings, &C. &c. ■, 
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of A steam-pfimipuig engine, applicable as a portable steam-engine for agri- 
onltnral purposes by disconnecting the pump; we now give the front 
elevation, in fig. 55; a cylinder; h crank axle and horisontid slide ; d the 
plunger; e/ air-vessels; ^ inlet; A outlet. 

In fig. 56 we give an illustration of die steam-engine for working a fan 
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for withdrawing air from mines ; and in fig. 67, UsherV steam^ploiigh. 
In p. 113, fig. 206, Meckcmiet md Aiechanumf we give an elevamn of 
Kaamyth’s sleatn-haminer. 

In anofdmr chapter we propose to deseribe the rotatory engimy and 





odier varifitiety as the diso-engme, tbe arrangements of which present pe- 
culiarities different from those which we have already describ^ In &e 
meantime we hasten to describe the Tarious details of the cylinder engines. 



fig. S7. 
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CHAPTER HL 


DETAILS OF BOILERS AND ENGINES. 


Before describing the appliances of boilers as now adopted in modern 
prwtic^ we propose giving a few sketches, illustrative of the varieties of 
boilers v(fhiclt|taj|^bee^^$roduced from time to time. 

Smeaton’s Chacewater engine, the 
paid great attention to the construe- 
tion of boilersTImW^llllllllpi^^f^^ is known as the “ hay- stack,” or 



fig. 59, 


fig. 58. 

** hay^cock” boiler. A diagram, showing its form, is given in fig. 58 ; 
^ fire-place, cc the upper flues, 65 the lower ditto; the steam was 
from the upper-part d through the pipe «. This boUer was formed 
of platM of cast-iron, joined together with flanges and bolts. The evUn- 
dncal Ixmer, as in fig. 69, is constructed with two circular or semi-spheri- 
cal^ds, as at aa: the ends of this form of boiler are in America generaUy 
made flat In some instanoes an internal circular flue^ as a, fig. 60, is 
provided in this form of boiler ; the flue e.Ttends from end to end, and the 
heat^ air and smoko, after passing from the fire-place, goes through this 
® This form of cylindrical bmlcr, called 

we Treyethiok, fitan its introduction being attnbuted to that engineer, 
ugeiMnli7iuedfi»'lug^-pteMui«engineB. When proper^ eoiutrncted it 

w reiy atnng, and oapble of twistuig a Tei, bi^ dc^ee of ^eMu«. 
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We have already figu^ the form of boiler known as the ** wa^n” 
adopted by Watt A boiler very generally used for condensing engines, 



and known as the ** Cornish/’ consists of a cylindrical boiler, having a 
large internal circular flue, in which the fire-place is situated. The intro- 
duction of this form of boiler “ has effected great improvements in the 
economy of fuel as well as the strength of the boiler.” This form is shown 
in the sectional diagram in fig. Gl, where aa is the boiler, b the internal 
flue, c the fire-lmrs. In order to obtain a larger fire-place in the Cornish 
boiler, one-half of the end in some instances has been cut away: this was 
first done by the Butterley Iron Company, and the boilers in which this 
arrangement is adopted are known as the Butterley;” they are much used 
in Lancashire. The fonn is shown in the diagram fig. G2. 

The form of boiler which is considered by competent authorities as 
a very effective and economical kind, is that known as the double-flued 




fig. 62. fig. 63. 

and double-fumaced boiler, a sectional diagram of which is given in 
%. 63; a a the flues, bb the furnaces, cc the boiler. This is now in 
general use, and is fast superseding alf other constructions, It consists,*’ 
says Mr. Fairbaim of Manch»rter, " of the cylindrical form^ varying from 
five to seven feet in diameter, with twoflues, which extend the wholi^ length 
of the boiler; they are perfectly cylindrical, and of sn&ient magni^e to 
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in eacli. This bdiler ii the smipleety end 
mH that has jeb beoi eo&stitMsted. It preeeiits a lar^ 

•itt&ee as the recipient of heat; and the doable fines, when riyetea to tbe| 
fiat ends, add greatly to the secmiiy and strength of these parts. It more- 
oyer admits ^ the new process of alternate firing, so highly condnciye to J 
perfect combustion, and the preyention of the nuisance of smoke.** 

The boiler known as the ^ French,” as having first be«i introduced 
into practice in France, and which is much used in Lancashire, is figured in 
fig. 64 : a is the cylindrical boiler ; cc, two tubes, stretch Umgitadinally 



fig. 64. fig. 65. 


below the boiler, and receive their supply of water by the vertical tubes b b, 
a brick arch / is thrown over, between the tubes c c ; by this arrangement 
the fiame and heated air from the furnace at d, fig. 65, pass along the 
under-side of arch / and tubes cc; returning to the chimney along the 
space between the bottom of tubular boiler a a and upper-side of arch 
This form of boiler is highly efficient; and the principle of making the 
fiame and heated air impinge upon the outside of tubes containing water, 
instead of passing through the inside of tubes surrounded with water, is 
considered by some to possessed of such superior advantages, as to be 
likely soon to supersede all other arrangements. This principle is carried 
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«■* ia^’nrr dhiiiT* UliiaaBer by Umn. Gidhnn^ in tteir pafint boilalii 
idiisli xM takiag ^ao« intha anginBetiDg incli. fig. i««'' 


4iiigram aczoas the boiler; fig. 6fi part longitadinal oeotkm, and 
^ pari plaru The peculiarity oousists in arranging a aeries of vertioai 
conical tubes, ao, within the oent!^ fiue, in a sig^zag form, oonneotmg the 
up)er and lower part of the boiler The boiler is of the double^fiiniaoe 
lu^ firing each furnace alternately. 

The great efficiency of the locomotiye boiler, in which the heated air 
passes tl^ugh the inside of tubes which are surrounded externally with 
water, has directed the attention of engineers to the construction of filers 
for stadonaiy engines on this principle. Fig. 69 is a longitudinal section 



oi Mmn Ootdon’s inultitiibiilar hoSLear^ and fig. 70 a tmmmm Me&»L 
Tliii fimi boiler requira no brirdtHS^tii^; but 'after beuig attached lo 
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the engine and to the chimney'due, can be set at work. They' have donl^ 
fimlioea, whidi are dred alternately : d is the &re-do0t,ff the combustion^ 



fig. 70. 


chamber, ee the fire-bars, g the fire-bridge, a a the tubes, c the pipe from 
which to withdraw the sediment, h the man-hole door, m m the stays to 
strengthen the boiler, h h the standard for supporting the boiler. 

The forms of boilers we have here given are such as are generally adopted 
for land or stationary engines ; those for marine l>eing arranged somewhat 
differently. It is impossible, under this division, to notice even a tithe of 
the arrangements introduced ; we must content ourselves, therefore, with a 
few general notes. 

The form of boiler originally introduced into steam-boats was merely 
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il land’bdlcEr, untk hr^ internal duea, like the Gomith boiler; the dif* 
fbr^sce being, that in the latter the boiler was encased in briok>work, while 
in the former the external casing was of iron, leaving a space between, in 
which water was placed. The plan of the locomotive tubular boiler was 
next introduced, and with marked success. The next improvement was 
turning the tubes over the furnaces, as in fig. 71 : A the fire*door, b the 
fire-bajre, //the tubes passing through the 
boiler to the funnel-flue g. A form of boiler 
has been introduced, both for land and marine 
engines, which promises good results ; it is 
known as the “ vertical tubular/' and is re- 
presented in the diagram, fig. 72, where a 
is the furnace door, b the lines repre- 
senting the tubes ; the heated air passes up 
through these, giving out the heat to the 
water with which they are surrounded. The 
tubes pass out at the top of the casing. As 
the water-level is below the top of the tubes, 
as at by the steam is rendered thoroughly dry, 
or “ anhydroxis,” as it is termed, and the in- 
conveniences of priming are obviated. 

The principle of boiler as patented by 
the Earl of Dundonald is considered good ; 
it has been adopted with marked success in 
the line of Ocean American steamers of Col- 
lins. The diagram in fig. 73 shows the arrangement. The “ boilers 
are provided with two rows of fire-places, and two tiers of tubes, one 
above the other, for the purpose of increasing the grate and boiler sur- 
face.” The improved form of this boiler, as secured by the last patent 




fig. 73. 



of the Earl of Dundonald, is given in fig. 74 : a a the fire-ban (there 
sore four fiimaces abreast), the heated air passes over the inverted bridge 
named ^xe economical heat trap;” along e and d, and down among 
llue tubes, and finaUy up the ohtnu^-flue e ; b^ this arrangemeilly tiie 
products of combustion are retained m contact with ihe moit 
part of the heating soriaoe of^the boiler, until the complete^ab* 
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oaka^ is dSfeoted” Tbi iiiKtsiiil 
air is to ascend; and onlj to descend when deprived of Its cakm or 
piiiis^liof ievi^. Inl^ordinaiyboilerytlieheatedairlias afipeeanduo^ 
Mtupited aseent to tbe found; bat in the patent boiler it is conrc^ed 
timmgli die does to the stunmit of the tube^amber, and there oonsfen^Od 
to nwntain that elevated position by its levity, until the water has efiectoally 
Absorbed all the osefiil caloric hdd in combination, and the products ^ 
combustion, deprived of their superabundant principle of levity, descend to 
the interior aperture leading to the tiinnel, where they escape into the 
mosphere at a low temperature. It will be noticed, that in this form of 
boiler the French principle of filling the tubes with water, making the fiame 
pass outside, is carried out. 

Having now illustrated the forms of boiler introduced both for land 
and marine engines, to the extent we deem necessary for the purposes 
of our work, we now proceed to illustrate the appliances of m^em 
boilers. 

In condensing, or low-pressure engines, the water is supplied to the 
boiler through a stand-pipe; this is of altitude to contain a column of 
water sufiicient to counterbalance the pressure of steam in the boiler. A 
small cistern is placed on the top of this stand-pipe, which is supplied with 
water from the hot- well by the power of the engine ; a small valve is placed 
at the bottom of this cistern, which is opened by a lever; this lever is 
acted upon by the fioat in the inside of the boiler, the wire or rod con- 
nected with it passing through the top of the boiler, and fastened to the 
end of the lever : the arrangement has already been figured in Chapter IL 
In some instances, the wire or rod of the float passing through the boiler 
has stuck in its 8tuffing-l>ox, and thus rendered the apparatus inoperative. 
A plan to obviate this has been recently introduced ; this consists of a pipe, 
same height as the stand-pipe, containing a column of water ; the rod of 
the float passing through this is moved without friction, and cannot stick. 
This apparatus of stand pipe and float acts as a safety-valve in some 
measure, as before mentioned. The height of column of water in the stand- 
pipe is calculated so as to counterbalance the pressure of steam in the 
boiler ; but should the pressure of steam increase beyond a certain point, 
the water will be forced out of the pipe through the valve in the cistern, 
and thus give timely warning. ^ The stand-pipe has another apparatus con- 
nected with it, by which the degree of combustion in the fiirmu^e is regu- 
lated. At the ^roat of the chimney a valve, consisting of a fiat plate 
sliding in a frame, is placed; when this is forced fully into its firame the 
aperture of the chimney is closed, thus preventing the smoke, &c. firom the 
frumaoe gaining access to the chimney : by this means the intensity of com- 
bustion is lessened, and the fire finally goes out. In proportion, therefore, 
to the degree of opening of the mouth of the funnel, so will be the inteoisity 
of combustioa in ue grate. The sliding-valve has connected with it a chain, 
vdkich, iMtfsing over two pulleys, is fi^y passed down the interior oi the 
atand-pipe, mm oonneoted with a fioat which moves up and down in it As 
the premre of the steam inorcmses in the boiler, the water is fiiroed 1^ Dm 
staxm-jdpe; this raises the fioat, and releasing Die ohaiiij the damper, or 
valve at Dm laouDi of Dm ehimn^ b fisroed into ha franmf the Diroat ef Dm 
ehhan^ is Dtui pn^^orDonidly closed, the drangbl is diminiiiied, the DmI 
hi Dm fimmae hum \m fiero^f, Dm pmstov of stawa is dianinbhed, Db 




fig. 75. 


Hiu inrentiaii efTecta its object of rendering steam-boiler explosiocg 
arinuog from a deficiency of water next to impoAuble, by causing the boiler 
not only to rei^late its own supply of water, but to soimd an alarm almost 
instantly shoold the sooroe of that snpply fidl ; and to continue the aUuna 
lintU its wants are sopplieii 

In %. 75, A is a dosed reasel, into which water is forced bjr Ilia 
iee^pump through ikm pipe a; b is a portion of the bdller; r is a baiir 
■t0n, Ibr oontrolluig the entranoe oi wAter from ▲; o is a xam ofiui asaa 
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'0ijat M o a^ the pressing nod reqinraaents of ^ bdQar; o m y^et 
i i g p lyiii g a Wght w, wbicli exerts a iorce upon th^ area of tibie lam oon*^ 
in excess of the force which ihe pressure of the steam would 
eotert upcm the same area; x is a small cock for admitting air to the pomp; 
X and o are forked levers, having their fulcra respectively at /and ^ ; s is 
a prcjection on the ram-guide, which acts upon ^e levers F and o ; i is a 
steam-whistle; l a weight attached to the whistle-valve, exerting an up^ 
ward pressure upon the lever f, and a downward upon the lever o. When 
the water in the boiler is at its proper level the valve is closed, and the water 
is forced into a ; this raises the ram c and lever d, which turns the cock x, 
admitting air to the force-pump, and stopping its action. As the boiler 
takes its supply from a, the ram c descends, the air-cock £ is closed, and 
the pump again brought into actiom 

In the event of the supply of water failing, the high-pressiue main- 
tained in A would rapidly fall to the same pressure as the steam in the 
boiler, owing to the communication through v remaining open. The ex- 
cess of pressure from the weight w 
would thus be brought to bear upon 
the lever f ; and counterbalancing the 
weight L, lift the whistle-valve, and 
sound an alarm. Should it happen 
that the air-pipe to the pump becomes 
choked, so that although the cock x 
be open the pump still continues 
to work, the pressure in a would 
rapidly increase, until sufficient to 
raise the lever o and the whistle- 
valve, thus sounding an alarm. 

A very ingenious apparatus for 
giving notice of the fall of the water 
in the boiler below its proper level, 
is that known as “ Haley's safety 
signal for boilers.’* 

The engraving, fig. 76, in which 
a part of the top of the boiler is shown 
in section, conveys a clear idea of this 
signal. The stand outside the boiler 
has a stem passing through a hole in 
the plate, screwed at the end, and 
provided with a nut. Inside ^e 
boiler it passes through the guide, 
and secures it and the stand at tilie 
same time ; a copper float is screwed 
upon a brass spindle, working loosely 
through tlie guide, and which is hc^ 
low, except cm the top, and is formed 
into a conical ^ape. A pin passes 
through this spindle near the top, 16 
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Httle belaW| a iMuall aperture admits steam through the hcdlow ipuidle 
iitto.the intesior of tibe floati by which the outaidie pares* 




h « mxaSi aperture leading to a wiusue looxeu up 

ton. When the water is any distance above low- water pwk, oi? tn^ 

nid pdnt, the float is lifted, and the cone presses against the aperture^and 

closSit When it falls below the warning-point, the float falls with i^ 

and the aperture is opened, allowing steam to pass through it ta th^ 

whistle. 

The combined safety-valve and water-indicator” of Messrs. Dan^r-^ 
field and Bennet, is shown in figs. 77, 78 ; the former being an elevation. 



tig. 77. fig. 78. 


and the latter a section of the apparatus. Should the water in the boiler 
fall or rise beyond a given level, tlie buoy or float attached to the float- 
chain, which works round the wheel a, and is balanced at its other extremity 
by the weight b, rises or falls with tlie water. If falling, the end of the long 
liiik c presses on the lever c?, opens the valve e, and permits the steam to 
escape; the steam in escaping comes in contact with a 1)611 which is placed 
over the valve s, and continues to give a loud and shrill whistle, until the 
water in the boiler is again brought to its proper level; or l>6ing neglected, 
the whole of the steam escapes from the boiler, which causes the maobineiy 
to cease working, stops the water from being forced into the boiler upon 
the hot plates, and thereby prevents an explosion. The water in rising 
produces same action upon the opposite lever. The colnmn g opens 
as a door down its entire length, to admit the weights on the valve e; the 
I weights betng pat in proporticm to the area of the valve, and the pressnxe 
^ boiler is inteiHled to carry. The weights on the valve e are seontsfy 
in 4ie oolunp gt and cannot be interfered with to mm an| t^idoe 
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liftHmm Hie balls / bakiioe tlisi valte and lemi wim onl of 

is fitted on the wheel Oi wideh shows the hdght of the watsl* In 
boifier. This apparatus Is Tery dagant in hs genem i^ijMSarattoe, mi 
has the merit of being self-acting^ 

!hi addition to these and other kindred oontrivanoes^ to notice all 
Irodboed for the last thirty years would take a go^lj sized volume. The 
aotiial level of the water in the boiler is made visible bj the contrivaQoa 
known as the water-guage ;** this will be found describe in the chimtor 
on Looomotives. We pass on, therefore, to notice other appliances of tiie 
bmler. The pressure of the steam on the water in the bmler has been 
taken advantage of bj Mr, Wilson, of Low Moor Iron Works, in his ** safbty 
apparatus for boilers,** shown in fig. 79, which is part of a longitudinal 
section of a boiler with internal fi^aces : a is a vertical pipe, like an 
ordinary feed water-pipe for low-pressure boilers. It is open at its lower 



fig. 79. 

end i, whkh is set about one inch above the top of the fhniace-plates of 
the fine c, and passes up through the top of the boiler to a height sufficient 
to obtain a ooliunn of water rather more than equal to the greatest steam 
pressure at which the boiler is intended to be worked. Near the upper-end 
of this inpe, a branch d is formed upon it, formii^ a junction with the 
second vertical pipe s, which passes downwards outside the boiler-end ; and 
its extremity is bent to terminate in the front of the fiirnace at/; or if two 
or more furnaces are fitted in each boiler, then a communication of the same 
Irttwl must be formed with each of them. The height oi the dischan^ 
bnuafii ciss such, that at the ordinary wturking steam-pressure of theboiOT, 
the wamr Ibroed up the pump by tnis pressure shall stand at aome point 
beneath tim braiMfo d. ramuld, however, the steam-pressore be increassd 
hj any means beyond the due work^ pressure, the water will rise lumbar 
up tim pipe 0 , until, if tire pressure increase, it reaches the branch d; wIm 
it wfiH pass through tiba descend the pipe and pour iiim 

Tlda disdbnga of waiter wiU at once damp the fitei ^ 
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the steam pressure; whilst, at the same time, it will draw the attention of 
fhe engine-attendant to the fact, that all is not right with the boiler. The 
(^n end h of the pipe a in the boiler is not exposed direotly to the ebul- 
lition of the water, wnicb would tend to derange the action of the apparatus; 
but is protected from this induence by insertion into a short length of wider 
pipe open at top and bottom, the water standing at the same level within 
It as in the boiler. In this way the water contained in the guard-pipe g 
is kept in a comparatively undisturbed state, the stilling effect of the pipe 
bdng further assisted by its expanded or funnel-shap^ upper-end. Jn 
attaching this apparatus to a boiler, the branch d must be set at such a 
height as will allow of the obtainment of a column of water in the pipe a, 
of a head pressure a little more than the pressiire to which the safety-valve 
h is loaded, so that the latter may have a short range to permit it to work 
freely when in good order, without the prot(‘ctor or water-discharging appa- 
ratus being brought into play. Thus, when the slight difference between 
the head-pressure in the water-pipe a, and that to which the safety-valve is 
loaded, is exceeded, owing to tlie sticking of the latter, or from any other 
cause, then the protector acts at once upon the fire. When the water-level 
in the boiler falls below tlie open end b of the water-pipe, which would en- 
danger the overheating of the boiler-flues, a portion of the water contained 
in the pipe at the time will drop out of the end h into the boiler, whilst the 
remainder will be forced up the pipe by the steam pressure. As the upper- 
end of the pipe is closed, with only a small aperture to prevent its acting as 
a syphon when water passes down its branch rf, the steam and water blown 
out will pass down the descending pipe e, and damp or extinguish the fire. 
This discharge of steam being so contrived that it shall take place before 
the parts of the boiler liable to overheating are quite bare, the damping of 
the fire will always remove all danger of explosion or injury to the boiler; 
which may l>e again set to work, after the supply to it of a proper quantity 
of water, wdiich may l>e supplied at once without fear of any injurious 
effects. The advantages of uiis ajtparalus art*, that it renders the dangerous 
accumulation of steam imjwssible, being entirely free from valves or con- 
nections, which are liable to derangement; whilst it can never fail to call 
the attention of the attendant to any objectionable increase of pressure, and 
it will remove the cause of the over-pressure unassisted.” 

Where the steam in Iwilers 
reaches a degree of pressure likely 
to be dangerous to its safety, what 
are term^ ** safety valves'* are 
used. Mr. Fairbaim calls them 
^6 only ** legitimate outlets” in 
^urcomstances such as the above. 

Two should always be provided 
to every bmler, ^ sufficient ca- 
pacity to carry off the quantity 
of steam generated by the boiler. 

To prevent additions being made 
to the weight, Mr. Fairbmm re- 
commends a “ lock-up valve,** 
l» lepreaented in fig. 80. a is the 
fidve ; A ii a <ff thin hnm, 
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on ft binge, andieenred bj ft padlock; it la of etidi a dkmieter aa 
to iil(^ Ibo %«8te steaiD to escape iki tbe direction of the amma. 0 
1h# which may be fixed at any part of the lermr to give the demi^ 

of pressure, but which cannot ^ fixed or altered ttnksii the bmler 
li opened to allow a man to get inside, d is a handle, having a long siot^ 
by ^ieh the valve may be relieved or tried at any time, to obviate the 
hftbili^ of its corroding or being jammed ; but the engineer cannot put 
any additional weight upon the valve by this handle. The sticking of the 
valve in its seat is always a fruitful source of danger. 

As a valuable aid towards obviating such disasters, we here illustrate 
and describe, in fig. 81, the very neat valve registered by Mr. James 
Nasmyth, of the Bridgewater Works, at Patricroft, which has met with very 
generm and high approval, as uniting in a most simple combination all tbe 
qualities which can tend to tbe formation of a true and perfect safety-valve. 
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lha totalAjMmte af 1 ^ spmdtes or other ffuidimr affeoeMa, whkli haVi 
liiteai:to proved ap Ibrtiia a souite of misohief and mmarlaiB^ in the 
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pempuicoit perfect condition of tibia vital part of a boiler apparatus, will 
be seen fU a glance to obaracteiise the design of this absolute safi^- valve. 

Ibe chief feature of novelty, however, which distinguishes this improved 
aafetjr- valve from all others hitherto proposed, consists iu tihe |>eoulimr and 
idmple manner in which tihe motion of the water in the boiler is epiplojad, 
as agent bj which the valve is prevented from ever getting set fast in 
its seat The swafing to* and- fro sort of motion which at all times accom- 
panies the ebullition of water in boilers, is made to act upon a sheet4ron 
appendage to the weight directly attached to the valve ; and as the rod 
which connects this sheet-iron appendage and weight to the vidve is in- 
flexible, it will be easily seen how any slight pendulous motion given to the 
sheet-iron appendage is directly transferred to the valve ; and as that portion 
imT the valve which rests in the seat is spherical, the valve not only admits 
cl^ but receives, a continual slight motion in its seat in all directions, as the 
reeult of the universal pendulous motion of the appended weight, as acted 
upon by the incessant swaying motion of the water during ebullition. It 
will be seen that, as the spherical pordons of the valve and seat are of eq^ 
width, the edges of their respective surfaces pass and repass each o^er 
continually, and so maintain and continually tend to improve the perfect 
spherical fit and agreement between the valve and its seat. 

It may be proper to observe, that when the steam is nearly up to the 
desiiwd pressure, the valve rests on its seat with a pressure next to no 
pressure at all, and is then, as it were, floating on steam. This action is 
common to all good valves ; but the observation may tend to show how a 
slight movement of the water aflecis the valve in its seat. A pipe may lead 
the steam escaping from this valve to tibe manager s oflice, and there give 
audible notice of its escape by acting in a steam* whistle there placed. 

Still further to obviate the risk of boilers exploding from a dangerous 
pressure, ** fusible plates'* are introduced sometimes on the top of the 
boiler. These are made of a composition calculated to melt at a com- 
paratively low temperature. Fusible plugs are also introduced into aper- 
tures on the boiler below water*line ; these melting when the water gets too 
low, allow the steam to pass off. Little reliance, however, is to be placed 
on these contrivances. 

All boflers are supplied with gauge-cocks, the nature of which has been 
afaeacfy described; by these the lev^ of the water in the boiler is ascer- 
tained. 


Mercurial pressure-gauges are frequently used to indicate the exact 
dqkree of pressure in the boiler. A glass tube is placed in a small dti&tn 
with mercury; one end is closed, the other opens to the interior of 
bdSer in the steam space : the steam passing down the tube presses on flie 
sitriiice of the merem^; by this means the air in the upper part of the tuba 
IS compressed, and in proportion to the compression so is the jn'essure in 
^ bdler. In improved gauges, a scale is attached which shows die tem- 
perature of the steam as well as its pressore in the boiler. In fig. 82 an 
Improved pressure-gauge is ibown : a a is the pipe introdudng steam flom 
the bmier; b the pipe fl>r leading off the water of condensation; ep the 
muigs flxr fixing ihie gauge in any oonveolent poriflon. In nmrcurial gasmss 
iiipled fl»r low-pressure boSers, Ihe nicawiiry is plsced hi a syphon^i^ 
Cfll end of which opm mto tibe bmler, aadmother mepento theetnioi* 
tihe pessnie of tim steam raises the mercury m the dhortkf of 
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BjpHon, imd acts on a small plug ^ 

it; to this is attached a pointer, which 4^0^ 
on an index the degree of pressure, Whe» the 
steam gets of very high pressure, the merctuy 
is blown out of the tul^; in this way acting 
as a safety-valve. 

The consumption of smoke arising from 
the fuel used to raise the steam in the fumapes 
of boilers, has long been a favourite project 
among inventors ; and the adoption of a good 
plan to effect this desideratum, always of im- 
portance, has more recently attract^ earnest 
attention, from the fact of many Corporations 
making it imperative on those who employ 
steam-engines to consume their own smoke. 
We cannot pretend to notice all the plans in- 
troduced for this purpose, but must content 
ourselves with noticing only one ; that, how- 
ever, the most recently invented, and which 
lias already taken a high place in the rank of 
effective plans. This, the invention of Mr. 
John I.»ee Stevens of London, is shown in the 
diagram in fig. S3. The invention,” says 
Mr. Lee, in his prospectus, from which our 
diagrams are taken, consists in the combina- 
tion of two sets of fixed fire-bars, the first of 
which is fed by the scoria and cinders voided 
from the second or upper set of fire-bars, with 
a calorific plate, as shown in the diagram; 
by which arrangement, the current of air en- 
tering at tlie lower part of the furnace pas^cis 
through two strata of fire, and thence between 
the calorific plate and the bridge; and is thus 
so intensely heated, as continuously to produce 
fig, 82, the entire combustion of the gaseous products 

of the fuel, without the formation of smoke.” 
In fig. 83, b the first and a the second set of bars ; c the calorific plate, 
faced with fire-bricks ; d the bridge, c the furnace-flue, h the fumace- 
door; I shows the direction of the current of air; this diagram shows the 
application of the principle to the Cornish boiler for land-en^nes. Jn 
fig, 71 the application is shown to marine boilers; the same letters of refer- 
ence apply to this diagram as to fig, 83, 

Still further to m^e the steam-engine automaton or self-acting in its 
arrangements, mechanism has been introduced by which the labour of the 
fireman or stoker is suspended, and the furnace supplied with fuel in pro- 
pcstimi as required. Numerous contrivances diave b^ introduced for this 
purpose; we shall only notice one, and that patented by Mr, Dean of 
Btookpoi^ and in which i^eighbourho^ it has be^ introduce with 8ucee«!i. 
^ It consi t^^i firfit, of a double self-acting feed-wparatui, one side of which 
is canted to supply the frumsce with fuel, whilst friie hf at rest, 
a^«econ 4 l 7 , m plpong » Ib % 




HSSTdIiT TkK 81 «AA>XBnl!Eiri& l&t 

ii^ii^, die fire fioow and the bridge of the same, and employing twp 

diunperSy at or about the bridge, which are opened «and closed alternately 
by certain levers and rods connected with the feeding apparatus.” In 
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addition, therefore, to acting as an automaton feed-apparatus to supply the 
fiimace with fuel, it insures the combustion of the smoke and economisa- 
tion of fuel. In fig. 84, we give an end view of a steam-boiler and furnace, 
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JMpg mechanism applied; m fig. 85, a plan or ImiiscmH 
boiler; and ^ fig. 86, a transyerae section in front of die t^r^ge 
fiimace. “ aa is the foundation brick-woric supporting tbe l^eri 
bifCe the * dead plate* of the furnace, d d the fire>b^. € is the main 
driving*shaft, to which motion is communicated (by the engine) by a strap 
passing round the pull^ e' at its upper-end, or by any other convenient 
means. Upon the main driving-shaft s is a pulley /, which, by means of 
the cross-belts g and n, drives alternately the shaft t of the right-hand 
fiseding-apparatos, and the shaft j of the left-hand feeding apparatus. 
These shafts have each a fast and loose pulley at the upper-end ; and the 
requisite shifting of the straps from the fast on to the loose pulley is efiected 



fig. 85. fig. 86, 

■ 

£k the following manner : A small crank k is caused to revolve by means 
of a worm on the driving-shaft «, actuating the worm gearing / ; this crank 
k has a lever attached to it, furnished with two studs, m and n, which, as 
the crank revolves, causes tlie strap lever o to vibrate, and throw one 
strap cm the loose pulley, mid ^e other on the fast one, thus alternately 
setting in motion and stoppi^ each feeding apparatus. It will be seen in 
figs. 85 and 86, that there is a partition-wall p in the furnace, reaching 
firom die fire-bars to the bottom of the boiler; and eirteTiding fttun the 
bridge about half way to the fiio-doors; and ||iat there are two dampers f 
and r b^ind the bridge of the same, one of which is open and the 
dosed. The dampers are connected to the strap lever o by cranks 
levers, so that when one side of the ^ediiig-ap|MunBliis is supplyiim liieLhEi 
the file, the damply ^hat dde Is closed, and die daimier on me othor 
In the drawii^ the right-hand r 
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k TGpresentedi at work, and that upon the left hand ai atationaiy. , '!%« 
xj|^t>haiid damper being closed, the smoke, from the ire^ ooid will 
have to pass round the partition-wall p, and over the fire at the left hand 



of the liinuioe» wiU therobj be consumed. It will be evident 
•nAfkoi hf iim ]i^m>Soa of the crank kf ^ feedtiig*iHPP*aratiie and dil 
m tfie ether il4e of the fttmaoe are brought into aoti^ the paasage of the 
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8030^ idll W itvcrsed.” iThe iuel is supplied to the hopper a «>4 it 
ght^uallj spread over the frimace-bm from the centnfrigal geoexal^ 
bjr the revolving discs or plates. 



4^ a ooQSltisloii to the present dhision of oar work, wo give dimvdott 
ibd desianpiksi 0 ^ a h%ii-pres8ars bosl^ wi^ im|Hmed 
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we iQpe indebted to the courtesy of Mr. William Johusou. 67 is a 
loQf^tudmal seotioii” of boiler, 6g. 88 a “ plan,'* and fig. 89 an ** end 
deratiou.'* The boiler of which tliese are drawings, is that adapted to the 
engine on the double cylinder principle which we have illustrated in 
figs. 38, 39. 

The class of boilers of which this is a good example, are considered by 
a competent authority to possess numerous features of economy and safety 
in working; and as afibi^ing an example of what a good high-pressure 
boiler should be, we give it here. The length of boiler is 22 feet by 7 feet 
4 inches diameter; it has two internal cylindrical flues, in the entrances to 



iig. 89. 

which are placed the furnaces G-J feet long by 8 feet wide. The flues ore 
ich three feet in diameter for a length of 12 feet from the front, after 
hich they taper off to 2 feet 8 inches, as seen in the longitudinal section 
87, and by the dotted lines in the plan. The whole of the taj>er of the 
B is given in the inside edges; this admits of a greater space between 
ie two, for the entrance of a man to clean and repair. These flues act 
ivantageously aa longitudinal stays to the flat ends of the boiler ; but as 
points of connection are below the centre of the ends, the upper portions 
stayed from the top of ^e shell by strips of boiler j^ate a a, 12 inches 
^ jid and | inch thick, and riveted at each end by angle irons. The arrows 
the plan point out the direction of the current of fiame, Sto, The flame 
in ^e btemal flues returns back by the side flues hb, thence pasiiny 
, the jade openings c c in the brick division Into the separate bo^c^ fines 
if mmniig bene^ the whole bottmn of bmler, Anally jdning tl^ie main 
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loft # By tbii amngemeirt, the inoet intense hent is ocmSned h» the 
pilgmhete sediment is most likely to be deposited, that is, on the top of 
the httemal dues; and this part being nearest the surdice of the water, 
steam evolved is carried off in nearly a diy state. To retain the frdnt 
brickwork above the fire doors, a stout cast-iron beam /is passed aci^ 
the boiler-end, each extremity of the beam being embedded in the boiler 
and engine-house walls. The state of the water-level in boiler may be ob- 
served either by the glass gauge or the index of the stone float k ; or it 
may be tested by the set of gauge-cocks attached to the glass gauge. The 
index of the stone float is attached to the counterweight t, which works 
freely inside a cast-iron pillar frame slotted down the front for the passage 
of the index, and graduated in inches. Immediately before this pillar is 
placed an alarm whistle, which is rendered self-acting in case of want of 
water by being connected with the stone float, 'llie steam is taken from 
,the boiler by an open ended T-headed pipe which is coitered to a bolt- 
stud passing throug^h the receiving dome. The lower end of this pipe has 
an elbow for bolting to a short elbow pipe /, the end of which is bored to 
receive the foot of the stop valve chest m. The flange of the latter rests on 
the top of the boiler, and bolts pass through it to the flange of the pipe I, 
the socket of which is thus held up against the conical foot of the stop- 
valve chest, n is the main safety-valve, fitted on a branch of the cross 
steam-pipe connecting the valve cnest I with the main stop-valve elbow o. 
A second safety-valve p is also fitted to a branch at the stop- valve chest; 
this valve is loaded to 6 lbs. per square inch more than the main valve, 
and is intended to act only in case of the latter getting out of order. The 
bearing faces of this valve p are flat instead of conical, and it has consequently 
less tendency to stick to its seat. The stop-valve for regulating the steam 
supply of tne engine is worked by a round wheel g, on a shaft passing 
through the wall of the engine-house. This shaft carries a small bevil 
wheel, whose box acts as a nut for the screwed spindle r of the stop-valve, 
which is guided in its vertical movement by a cross-piece working be- 
tween the side-rods s s. The hand-wheel o, being placed in the engine- 
bouse, directly opposite the starting -gear of the engine, the engine-man has 
perfect control over it without moving from his post Should any accident 
occur to the engine whilst he is in the boiler-house, he can easily shut off 
the steam, without going round lb the engine-house for that purpose. A 
double valve chest is also fitted at t, for the two purposes of relating the 
feed qf water and the blow-ofi‘. The feed-water is supplied by a pump 
work^ from the "side lever of the engine, the water being conveyed by the 
pipe to to the valve chest t, whence it passes into the toiler ; the surplus , 
water, when the valve in this chest is closed, being dischaiged by a branch 
mpe V fitted with a lever valve, weighing a little above the steam pressure* 
The second valve in the chest t is for bbwing off the dirty water collected 
in the bottom of Ihe boiler. 

and PisUms . — The steam is admitted to the upper 
under sides of tibe piston by means of slide-valves generally^ atthou^ in , 
some oeM lifting or pc^spet-valvet are used* Sh^valTes aie of three 
variedes»the ** tluee-port the long u valve/ and the/' shorl n 
valve** Il%s. 0$ and 91 dbow ^ arrangemmit of the 
In ^yaiie-ft^^ eylin^t as d d fig* 90, three msiaree are 
.aa^'-ienlf a shown in %* 91 lo .the u{|isr aide 
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tb«t to tbe low^r stdo^ and that at a to the atmoepherai 
A Tsdye^<»»ing, as i^reaeated by e e is secured to the face of the 
cylinder; aud into this the steam is admitted hv the pipe c c proceeding 
from the boiler; a ralire hh slides on the face of me cylindeTt and is moved 
up and dovm by the rod g actuated by the engine; the valve A A is of suf* 




fig. SO. 


fig. 91. 


fioient size to cover two of the ports, one of which is always the exhaust 
port a. In the diagram the valve is so placed as to be admitting the steam 
from below the piston — this being at the top of cylinder — to pass up by 
the port c in the direction of the arrows, and out to the atmosphere by the 
exhaust port a a. As the steam which fills the casing cannot pass cither 
by a or c, as the valve A A covers both of the apertures, it pusses up the 
channel h by the port A, and presses on the top of tlie piston. The valve 
A A is therefore always so arranged, that when the piston is at the top of 
its stroke, the valve will cover the-lower steam-port c and the exhaust a; 
while it is at the bottom of its stroke, the valve will then cover the upper 
steam port A A and the exhaust. The valve-rod g is worked by an eccentric, 
as already explained in the work on Mechanics and Mecfmnim, The valve 
next to be described, and known as the “ long d valve,’* is illpstrated by 
the cbagram in fig. 92. The ports for admitting steam to the upper and 
under sides of the piston are situated, one at top, as a, and the other at 
bottom, as A .* the valve is semicircular, as at m n, and hollow at tbe back 
of fitoe m, which slides on tlie cylinder-fad tig. The valve is of length 
sn&ient to cover the bottom and top ports a d ; steam is admitted through 
^ pipe e to the hoQow space p />, situated between top and bottom 
of wle-valve. Supposing top and bottom faces, as m, to cover both 
the ^eam fiotu the boiler entering through the pij^ c will mC{ 
ad^ttmnce either throu^^ o or d; but will remain only in the 
Blifl si^poielli^ valve to he movedby therodff|iot^ 




' ' I port is opened, and a bcknmtc^lett^^il 

J |. made between it and the cohdeha^ 

r trough the pipe v, at the tome Mine 

^ the upper port is epened and a edOi- 

.1 munication made t^ween it and 

f^HH ) hollow space pp; the steam then eaters 

I j 0 above the piston, depressing it. By 

j ^ pj means of the eccentric the slide-ralve 

I I moved in the contrary direction; the 

i I 9^111 H upper port a is opened, and a commu- 
I I o I t nication made between the upper side 

I pi H of the piston and the condenser, the 

dm ■ W steam passing down the hollow at the 

I ^ " back of the valve as o o ; the steaxh 

I I from the pipe c entering the cylinder 

J T by tlie port d, and the piston is turned 

> ^ up. By this arrangement it will be seen 

I Irfl ^ ^ immediate communication is 

made between the condenser and under 
■■***'“*1M i side of piston through the port d; but 

the steam from the upper side of piston 
I P' passing through the port a, has to come 

down the channel along the whole 
length of valve before getting to the 
condenser by the pipe v. To prevent 
the steam from passing up or down as the ports aie uncovered, the space 
between the back of valve, as and the inside of casing b ft, is packed. 

The short D slide,” which remains to be described, consists of two 
slide*piece8, aft, fig. 93, connected by two rods cd. In some cases only one 
rod is used, in others three ; the section of this valve is similar to that of 

fig. 92, or the long D slide. In place 
of having one exhaust-passage, the 
short D valve “ has two separate ex- 
haust or eduction- passages fitted, to 
^ allow of the steam to pass to the con- 

^sna denser, one at tlie top of the slide- 

9 0 case, and the other at the bottom.” 

0^*' Lifting or spindle-valves are similar 

in construction to those used by Watt 
[j] in his engines. In working large en- 
gines, from the pressure of the steam 
forcing the valve against the working 
surfaces, considerable difficulty aidaes 
^8* in starting the engine; in some tn« 

stances a small engine is employed to 
work the slide on first stalling, in others the steam is admitted to botk 
sides of the valve. The btdance-valve” is sometimes used in marine 
engines. These are much easier to work than the slide-valve. The 
** eq^briom^valvea,” used in puminng engin^ conmat ^* substantia^ hf 
a ovlindmr op^ at b<tth ends, ai^ cabbie of being moved on a fixed pisttin 
wim an npxi|^t stem. The cylin^ stands ovar &e hole in the teeauf^ 
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ih^ preyents the steam ^ro passing tbrongh it; but 

ir|i€^ the edge of the cylinder is raised from the bottom of the box, the 
stem th^ gidns an exit, and it is clear that the cylinder can be raised 
without any considerable exertion of force, as it is pressed equally in all 
dii^otions* Instead of the rubbing surface of a piston, however, two 
ground valve-faces are employed in practice ; and the moving part of the 
valve is not a perfect cylinder.” 

In working expansively with the slide-valve, the steam is cut off by 
what is termed the lap” of tlie valve. In engines not working expan- 
sively the steam is aUowed to enter the cjrlinder during its whole stroke ; 
in this case the length of the valve-face is just equal to the breadth of the 
steam-port. In working expansively the valve-face is lengthened, so that 
when the valve is at the middle of its stroke, there will l>e an excess of 
width of valve-face over the width of port. Thus in fig. 94, let d be 
the upper and f the' lower port of a long D slide valve : in the method of 
allowing the steam to enter the cylinder during the whole stroke of the 
piston, the valve-face would just be equal to the breadth of port ; but 
where the ^expansive system is adopted, the valve-face, as above stated, is 
lengthened at the parts e s, the dotted liniis giving the j)ortion a a where no 
lap is used. Generally the lap is given in what is called the ** steam 
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side” of the port, that is towards t i; sometimes, however, the lap is made 
on the eduction side, as well as towards u u, shown by the dotted lines. The 
effect of the ** lap” on the valve is to cut off the steam at an earlier |)or- 
tion of the stroke than would otherwise be the case. An inspection of the 
diagram in fig. $4 will explain how this is effected : suppose the part u to 
be equal to S)e fiice of valve a without any “ lap” to it, — that is, equal to 
Jbn^th of port — when the lower edge of valve at u arriv^ at ^ 
;i:^per edge of the port d the port would be fully open; but if the 
liappened to be lengthen^ to an amount equal to the part c below the 
j^blted line, the port would in this ease be diked a space equal to of 
iiulead m bmng fidly open if the valve-fAce had equol to 
^ Wa a diagram^ ^boa^ the lap of a loeomothro Of 



m 


mamm 


tlid^s <th ^ steam ports, e the rntbansi; lip 
sliaitt sida of the ratves, tm ee. In working enginei^ it is ecmiB^ksred ^ 
ittole their eBtmncj by giving what is c^led “ lead** b ^ irdve; Upr hi 
done by making the port open a little before the tcnninadon of the Altb- 
goii^ stroke: mus, suppose the piston just about to terminate the u^ 
Stroke, upper port is opened a little, thus admitting steam before the 
other stroke is quite finished, and in consequenoe of the lap in the vklfe 
the exhaust port is opened sooner; so that by the time the piston begins 
its down-stroke, the steam from below the piston is escaping freely. this 
arrangement was not adopted, we can easily conceive of the en^ne in its 
down-stroke having to press against the steam below the piston, whi<di 
would get slowly out, inasmuch as the valve opens but slowly at the ^ 
ginning of its stroke. To have the full perfection of working in the cylin- 
der, the escape or release of the steam should be instantahn^us if possible; 
the less steam the piston has to encounter in its motion either up or do#n 
the cylinder the better. By the arrangement of the valves now describ^, 
the ^ lap** and the ** lead,” the speed of locomotives has been much in- 
creased. 

To obtain the full eflSciency of the expansive method of working, it is 
considered best to have the cut-off instantaneously effected — this the slide- 
valve cannot do: at the beginning of the throw of the eccentric the moticm 
is slow, and is gradually accelerated ; the valve is therefore both opened 
and olo^ slowly. In some cases, therefore, expansion-valves and gearing 
are adopted. One species of expansion-valve is identical in principle and 
construction with the “ throttle-valve;” another form is shown in fig. 06, 

it is a species of double beat valve ; when 
this is raised, the steam from the boiler 
passing down d goes past the upper and 
lower valves dc, and through e to the cy- 
linder. The supply of steam from the boiler 
to the pipe d is regulated by the ordinary 
throttle- valve; the upper valve h is made 
somewhat larger than the lower c; by this 
arrangement the pressure is greater on the 
upper valve, and tends to keep it in its 
leat; it will be observed that little opening 
of this valve will admit a large supply of 
steam, and tliat it is easily worked. The 
exf)ansion-valve is worked by a series of 
levers and a cam. In p. 81., fig. 156, Mechanics and Mechanism^ a diagram 
is given explaining how the revolution of a cam gives a ^iprocating nw>* 
tion to the rod g: now suppose this rod to be connected with the expansko- 
valve, in such a way that it can lift it and depress it at inturvids, and that 
these intervals are so timed as to close the expanskm-valve at the exact 
period when the cut-off is to be effeoed, the system of expansive-workii^ 
with an instantaneous cut-off will be carried out. It mily remains for us to 
describe how rod is actuated on at the intervals required. Suppose 
pulky e, attached to the end of tlie levw fig. IW, Mschanaet oiitf 
p, 91 , to be in contact with the cttimdar part « of earn; 
ttiitioutffa yeciprocatin|iii4 wo^ 

dboDrctdar psii to be oidy oontiittnd m a eenam tManoe cfitacuoiifite!^ 
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j^rsoeei and ^at at one the hxse of a airfpa J^Mril|>% out, when the 
poliej c cathe in <^ntact with this portion it wi^d b© out, and the 

lever with which it is connected would have a reoiprocating mcaion ; thiy 
would act on the expi^ion-valve and raise it, admitting a certain portion 
of steam to work the piston. As soon, however, as the swelled portion of 
the cam, by its revolution, passed the line of the pulley c, the lever would 
be put into another position, and the valve would be instantly dosed, thus 
effecting the cut-off. By having along the face or breadth of the oam a 
variety of swells or projections, and by mechanism by which the pulley 
can he brought in contact with one or other of these “ steps^ or ** grades” 
as they are termed, any amount of expansion can be effected. The steps 
are so arranged as to cut off the steam at a certain period of the stroke; 
and thus the engineer can command any degree of expansion required, by 
making the desired step come in contact with the pulley : this is done by 
means of a screw. The pulley can also be disconnected from the cam. 

In a form of expansion -valve adopted in locomotives, a supplementary 
valve to effect the cut-off is placed above the ordinary three-ported slide. 
This arrangement is shown 
in the diagram in fig. 97 : a a 
is the oidinary slide-valve, 
c & the steam- ports, d the ex- 
haust, and a a the valve ; the 
valve-casing is at e c, // the = 
valve-cwing of the supple- 
mentaiy valve. This valve 
consists of a solid plate with 
two apertures; these, when 
opposite the ports in the 
covto: € €j admit steam to the 




eti&iasy Talve-caring; die travel of the valve mm can be at 

— . , — ji ' ' V 9," ■ ' 


, III owes tfce expansion-vidve i« worked by the gov^or actii^ on 
ttio ci|UDiy as in Maudsley’s and Whitelaw^s engines. We here give di|k* 
mms explanatory of a “ self-regulating motion for expansion -valves,” ^ 
inv^tion of Mr. Howson of Manchester. 

In referring to the drawings, fig. 98 is a general view of the apparatus. 
Figs. 99 and 100 are enlarged views of tappet-rod and levers, showing the 
different positions they assume: a is a case or nozzle containing a common 




equilibrium or double-beat valve, through which the steam is admitted 
through the pipe tin connection with the boiler to the cylinder; v is the 
valve-spindle, u its guide ; g a lever for lifting the valve, having its fulcrum 
on the pillar h secured to the nozzle; c is a tappet- rod, having an upward 
and downward motion, and actuated by any suitable means from the mo- 
tion of tlie crank-shaft, taking care that Ibr one stroke of the piston there 
are two of the tappet-rod. A recess or slot d is cut in the tappet-rod c 
for tlie reception of the lever c, which has its upper end supplied with a 
notch w and a projection or st^ping-piece e. The lower Uil of the lever e 
forms an inclined plane /, whicn, when required, is allowed to come in con- 
tact with and slide against the adjustable stud m. This stud projects from 
the upper tail of the double lever which has its ftilcrum on a pillar fixed 
to the nozzle, the lower tail being furnished with a series of teeth forming 
the segment of an ordinary worm-wheel; into this gears the worm u, 
keyed in the shaft or spindle o. On the same shaft is the bevil-pinion j), 
which gears ipto the bevil-wheel q fixed to a second shaft, to which a 
Dually rotary motion is communicated by the governor-rod r and lever «?. 

operation of the machinegr is as follows: The engine being in modon, 
and the tappet-rod c at the extent of its upward stroke, the valve will be 
down, and the levers e and e In the position shovm at figs. 99 and 100; 
but on its descent, the notch x on the lever e will come in contact widi the 
point of the lever thereby rairing the valve. On the further descent of 
the ttppet-rod, the lower end or inclined plane of the lever s slides wunst 
the stm m, and has a tendency to throw the former into die poddon 
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at fig. 10. The lever g having its point then released firom the notch 
the valve drops by its own weight, and, consequently, Ae supply of steam 
is cut off from the cylinder, the lever g assuming its ibrmer position as at 
figs. 8 and 9. On the return or upward stroke of the rod c, the up]^ 
part of the notch x sliding against and passing over the rounded or u^er 
part of the lever immediately assumes its proper position, preparatory to 
its making another descent. In order to prevent noise as much as pos- 
sible, the projection c, which prevents the notch x from taking too great 
a hold on the lever is furnished with a small leather buffer. The 
variable motion obtained from the centrifugal force of the governor-balls 
through the action of the governor-rod r, lever ic, wheel and pinion q and 
p, and worm n, communicates a like variable motion to the lever A, and, 
consequently, to its projecting stud w. It will now be easily perceived that 
the inclined plane f on the lever e will come in contact with and slide 
against the stud at different positions in the descent of the rod c, and the 
valve have varied lengths of time for remaining oj)ei»; and consequently, 
varied quantities of steam will be admitted to the cylinder, according to the 
variations of the governor. The vibratory motion required for the stud m 
is so small, and the means for cftecting it so powerful, that the most trifling 
alteration in the action of the governor will be communicated to the stud m; 
while the adoption of the worm and segment will form an infallible and 
solid bearing for the pressure of the inclined plane. 



Fig. 101 is a sketch in which tlie governor connection is dispensed with 
altoge&er ; the stud in beitig adjusted by hand to a bracket fixed to the 
nozzle, the side of the slot in the bracket having a scale to which an index 
on the stud may be pointed, in order that the engineer may at once place 
it in a position that the steam may be cut off at the particular portion of 
the stroke required. 

• The piston-rod, in moving up and down through the cylinder-cover, is kept 
steam-tight by what is called a “ stufling-box.” This is shown in fig. 102J; 
aa is part of the cylinder- cover; a cylindrical hollow cup or box is cast on 
this of a much lar^r diameter than the piston-rod hb; this is curved 
inwards, as shown m the diagram ; the aperture in the cylinder-cover is 
a little larger than the piston-rod, to admit of its easy working; firing, 
eosaposedof plaited hemp, is wound tightly round the piston-rod st the 
se; the stufiSmg-box nn is placed above this paoklogi sasd 

screwed tightly doim by the screws. 
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Tla^ at origizidly m^e hj Watt, 'was kept tigkt hj heampm 

paddng; metdlio pittont are now almost nniversallj used. That knoM 
at 6oodMow*s is extensively used in Lancashire. In fig. 108 we give a 
trmifvene section of this : a a it the body of the piston, with shoolder 
tn^med <»i it at e; an annnlar ring o it placed loosely round the piston; 



fig. 103. 



fig. 104. 


a plan of this ring is shown in fig. 104; this is turned eccentrically, and j 
worked on its edge ; this gives a uniformity of action to the whole circum- 
ference: its upper and lower edges are beviUed, as shown in fig. 106 ; these ; 
bevils bear or press against other rings nn, the interior of which are? 
similarly bevilled, as shown in fig. 105. The outer springs nn are;/^ 


fig. 105. 


fig. 106. 
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accurately ground to the upper and lower plates m and c, and the whole 
secured by the screw-bolts as shown. The outer rings nn are kept f 
pressal against the cylinder by the action of the internal ring o o lyingif 
loosely on the plate c. These diagrams will sufficiently explain the pecu-f^ 
liarity of a metallic piston ; for notices and illustrations of otlier varieties 
we must refer the reader to oUier and larger works. t| 

We have already illustrated the mode of connection of condenser and fej 
cylinder, and the condensation by a jet of water admitted to the condenser ; S 
in fig. 107 we give a sectional diagram of an improved form of injectioai-fe 
valve for condensers introduced by Mr. Cowper, and described by him 
the Institution of Mechanical Engineers. The object of this valve “ wasP 
to maintain the full pressure of the water at tlie jioint of entrance into the 
condenser^ and to obtain a more efficient distribution of the jet of water^ 
without danger of getring it choked.” In the diagram, fig. 107, a is thei 
condenser, b the eduction-pipe leading from the cylinder, e the air-pump, 
d the cold water cistern in which they are immemed ; the injectton-valve^! 
is a conical one, rising a little above the bottom of the condenser, with a 
perlbrated onp below in the cistern. As shown in the drawing, the valve 
m llbd up by the screwed rod ; and the injection-water can 1^ r^ulated; 
with '^e utmost nioety. The water enters the condenser in a fine ^leet! 
all round the valve, which stacks to the sides of the condenser, and Mb 
the whole Sf»oe with a ^ spray. Mr. Cowper has also modified the 
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dip® into it, fonning a wattT-valve instead of the ordinary foot-valve, 
and giving pressure enough to insure the bucket- valve opening if there 
was any obstniction. 

In place of passing the steam into a receptacle, and being condensed 
by coming in contact with cold water, in other forms of condensers, as 
Hairs, the steam is passed down a series of copper- pipes externally sur- 
rounded with cold wat4?r; tlie condensed water fulling into a box beneath, 
from wliich it is pumped away, Hy this arrangement Uio water used 
for raising steam can be again returned to the boiler. Mr. Pirson, of 
America, has recently introduetd a condenser known as the “ Fresh Water 
Condenser.*’ 

The jHHJuiiar feature of this condenser, which distinguishes it from all 
others previously known to the public, is the placing oftlie condensing 
tubes horizontally within the <.»rdinary shower-condenser, which is made of 
enlarged dimensions for the puqx>8c. Hy this arrangement, the water re- 
quired for condensation is tidmitted through the ordinary injection-cock, 
and rises U) the top of the external condenser , where it is discharged on a 
scattering-plate, from whence it posses directly on to the tubes of the in- 
ternal condenser, which are below it, and arranged in three ranges or sets, 
one above the other. UImj steam from the cylinder is admitted into the 
upper range, and passes through the three belore being discharged at the 
bottom. The fre^ water produced by Uie condensation of the steam is 
pumped out by a small pump, and immediately returned to tlie boilers ; 
while the water used to produce condensation is taken out by the air* pump 
of the engine. The intenial condenser is not attuclied to the external one, 
but merely laid in it. The tliree ranges are separately made, and the out- 
let from the upper slips loosely into tlie one below it; so that when the whole 
internal condenser is together, it may be moved from one-eighth of an inch 
to one^foorth of an inch in any direction. This freedom prevents an/ 
liabili^ to fracture from unequal expansion; and the tubes being in vacuum 
lelieves them from all pressure. As the condensing water reaches the 
bottom of the tubes, it is immediately pumped out; so that there is not at 
mj ttmo any water around the tube odier than the thin sheet pasnn^ over 
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their eorfaoes. On the Osprey y the vacuum within the tube of the intemal 
condaieer is twentj-six inches, and the same in the external one ; the 
internal vacuiun is the result of condensation, while the external vacuum 
is produced by the air-pump. The Osprey has made three passages, or 
2,750 miles in all, and has no trouble in keeping a full supply of fresh 
water in her boilers. This condenser has been used with considerable 
success on board the above-named vessel. Our account is extracted from 
a ])ap(ir read by Mr. Bartol, at a late meeting of the Franklin Institute 
of Philadelphia. ’ 

Mr. Sieinans, of Birmingham, an engineer well known for his ingenious 
inventions, has recently introduced a form of condenser highly spoken of, 
and known as the Regenerative Condenser.” At a meeting of the Institu- 
tion of Mechanical Engineers, Mr. Siemans stated that the origin of this 
condenser was a suggestion to the author, by Mr. Graham of Mayfield 
Works, to recover the heat from the condensing in the form of a reduced 
amount of boiling hot water.” It consists of an upright rectangular trunk, 
a, of cast-iron, the lower end of which is cylindrical, and contains a work- 
ing piston, by which performs two strokes for each one of the engine. In 
the trunk is a set of copper plates, c, upright and parallel to each other; 
the intervening spaces being the same as the thickness of the plates, viz. 
between inch. 

The upper extremity of the condenser, fig. l08, communicates on the side, 
ri, to the exhaust-port of the engine ; and on the other, through a valve, e, 
to the hot well. The plates are fastened together by five or more thin bolts, 
with small distance washers between each plate. There is a lid at the top 
of the trunk, by removing which the set of plates can be liAed out Imme- 
diately below the plates the injection-pipe enters. 

The action of the condenser is as follows: Motion is given to the piston. 
At the moment tliat the exhaust-port of the engine oj^ens, the plates are 
completely immersed in water ; a little of which has entered the passage 
above the plates, and is, together with the air present, carried off by the 
rush of steam into the liot well, the excess of steam escaping into the atmo- 
sphere. The water then, in consequence of the downward motion of the 
piston, recedes between the plates, exj) 08 iDg tliem gradually to the steam, 
which condenses on them. Their upper e<lges, emerging first from the re- 
ceding water, are surrounded by%team of atmospheric pressure, and become 
rapidly heated to about 210^. The immersion of the plates still continuing, 
tlie steam is constantly brought into contact with fresh cool surfiioe, by 
W’hich the greater portion of it is condensed ; until, as the piston descends, 
the injection enters, and completes die vacuum. This is done by the time 
the W’orking of the piston of the engine has accomplished one-seventh of its 
stroke. The upper extremities of tlie plates become heated to near 210®, 
and the lower to about 1 GO®. 

Taking the initial temperature of tlie condensing water at 60®, the final 
temperature at 210®, the latent heat of steam at 212® 960 units, the qtumti^ 
of water required is 6 *6 lbs. to condense 1 lb. of steam of atmospheric pres- 
sure. The common injection condenser (supposing the temperature ^ the 
condensed steam to be 110®) r^uires 21*2 lbs. in place of 6 6 lbs. 

In fig. 109 we give a drawing of the ordinaipr vacuum gauge, used in 
conneetbn with condensers in order to ascertain the degree of vacumn 
attained tis uontained* ianioaii-itoa enp o|»en^;dkn(sa^ 
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sphere; in this is placed a glass tube, open at the lower end and closed at 
its upper* A small iron tube is proidd^ with a stop-cock, and connected 
with we condenser; this tube passes through the mercury in the cup, and 
up the interior of the tube near to its top* The air is exhausted fi^ the 



fig. ion. 


glass tube through the iron tul^e connected with tlie condenser, as tlie mer- 
cury rises in the glass tuljc in projx)rtion to the difl’erence between the 
pressure of the uncomleiised viijx)ur in tlie coiulenser and tlje pressure of 
the atmosphere. To sliow the higher vatTuums of 21) uiid 30, the height of 
this gauge must be nearly tliree feet. To obviate the inconvenience at- 
tending this form of gauge, the short vacuum gauge is used, lis in %. 110. 
A small glass tube contains the mercury, and is filled carefully as an ordi- 
nary barometer; it is lient upwards at tlie lx)ttom, and ends in a Imlb, wliich 
is provided with a small orifice at the upper side. I'he tube is attached to 
a scale, and entirely enclosed in a glass case, which is carefully cemented 
to a brass cup, terminating in a stop-cock and pijje connected with the 
condenser. Tlie air in the interior of the glass case is always of the same 
density as in the condenser. In the long vacuum gauge, in %. 100, the 
mercury is driven frequently out of the cup, if the stop-cock is left open 
whEe blowing through previous to startiug. The short vacuum gauge, 
although possessed of many advanti^^es, as shortness and compactness, him 
also diaadvaoti^es; theae are, first, the vapour from the condenser dc^poaiti 
fire^pien$ly a mist in the glass case so denU as to obscure the scale; and 
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otooodl^, if the «top-cock ie not shut while blowi^ tliroiiglit the case 
Oomes filled with steam or with hot water; and its safe^ is thmwby eo* 
daogered. To obviate these inccmvenieiiceSi Mr. BramwelJ, of Ixmdon^ has 
designed an improved vacuum gauge, which he described befcxre 
the Institution of Mechanical Engineei’s, and of which we give the 
diagram in fig. 111. "Instead of immersing the whole of the 
tube and scale in a glass chamber connected with the condenser, 
the bulb only is enclosed in a brass cup "wntli a screw lid, on which 
the scale is cast ; and the rest of the mercurial tube is passed 
through a st ng-box in the middle of this lid, protecting it from 
injury by pushing it in a depression in the scale like a common 
thermometer. On the bottom of the brass cup is a stop-cock, 
with the pipe by which connection is made with the condenser; 
the same density is always preserved in it and the cup; and 
thus, the pressure being removed from the surface of the mercury 
in the bulb, it of course falls according to the rarefaction, a fall that 
fig* 111* can always l)e observ^ed, as the tub<3 containing the mercury is 
totally uncovered. By this nieans, the first and great objection 
to the short vacuum gauge is done away ; and likewise the second, which 
is common to both long and short, viz. the risk of the stop-cock being left 
open while blowing through; as with this gauge it is a matter of perfect 
indifference whether it is open or not, as the only thing that can take place 
if it is open is, tliat the brass cup is filled with steam; but this can neither 
blow out the mercury nor damage the gauge.” 

In the companion volume to tliis treatise, Mechanics and MeclM/niam, 
we have de6cribe<l pretty fully the details of construction of the various 
parts of steam-engines, as coniH^ctiiig-rods, cranks, &c. and the method of 
putting the various parts together; we are, therefore, spared the necessity 
of Iiere giving them, and proceed to the con- 
sideration of otlier matters worthy of notice. 

Of contrivances for regulating the speed of 
steam-engines, the centrifugal-governor is the 
best known: the arrangements and method of 
attachment of this mechanism we have already, 
in MerJuinics and Mechmium^ fully described. 
In the pumping -engine the ordinary governor 
is not used, but a contrivance known as the 
" cataract” is adopted instead. This was in 
use prior to Uie period of the introduction of 
Watt’s engines, and has since been much im- 
proved, The principle of the original cataract 
will be easily understood by an inspection of 
the diagram in fig. 112. Suppose a to be a 
vessel for containing water; on the end of the 
lever w, jointed at c, another lever,/, is attached 
to and forms part of the lever w; water is allowed to pass into the ve^ 
o through the pipe as soon as the a fills, it tilts over in the dire^on 
of the arrow, and lifts up the aid of lever/, as shown by the doited lines: 
to the end of/a diain s is attached; this is oonnected with the end of 
the lew opamig die injecthm-valve. The vessel a can only dH over 
in the mie dWtion, the stud d preventing it firom falling the wrong way; 
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when tbe tMd a U bTOughl up |o ite ctt%i]Ei»l positioii hj die 

ivdg^t of tbe kfor/ Set. The whole isoontiuiied in • box,frM«i whioh^ 
water is led away idier working the cataract The number ofttmes the in* 
' jeotioii*valve is opened determines the number of strokes the engine makes 
in a given time; and the ftUling of the box or vessel a, which opens the 
injection*valve, is regulated by the quantity of water allowed to pass through 
the pipe b; this quantity of water is therefore proportioned to the quantity 
to be drawn from the mine, or the work to be done by the engine* The 
reader will find descriptions of forms of improved cataracts in Qie ilrtisun 
Treatise on the Steam-Engine. 

In cotton-mills, and in cases where the engine is loaded to a certain 
extent, accidents frequently occur by parts of the machinery breaking down. 
The engine, thus relieved of a certain part of its load, ** runs awaj,” as it is 
termed, at a greatly increased speed, endangering the stability of tlic whole 
apparatus. The ordinary mechanism of the thn>ttle- valve and governor is 
not found capable of making the engine recover its usual speed. An 
ingenious contrivance, highly esteemeil, is given in the following diagram, 
fig. 113. Tlie main object of this invention is to prevent damage by 
the accidental alteration of load, and to regulate the speed of steam-engines. 
It is intended to supersetle the ct)mmon thn)ttle-valve, and prevent vanation 
of 8j)eed and the many breakages arising from accidental alterations of weight. 
The valves can rc»atlily be coiuu^cted with ortiinary governors ; and wWi 
attached, are so sensitive, that should a shaft break, or any weight be sud- 
denly throvm on or ofl’, the engine will recover its usual sjjeed in less than 
two revolutions, without any interference by the engineer. This will be 
obvious, when it is considered that there are two valves fitted to the same 
spindle; and consequently, that each of them need be opened to only one 
half the extent, as if there wore one valve. 'I'he result is, a throttle-valve 
of extreme sensibility, half an inch Iwring the utmost amount of play allowed 
to the spimlle U^twion wide ofam and quite shut; therefore, a very slight 
change in tlie position of the governor- l>al Is prcxluces considerable change 
in the amount of oj)cning afibrded by the valves. 

The governor is connected wdth the valve-spindle by a fork, in the 
usual manner, which, by means of a crank-lever, gives a slight motion on 
its axis to a bar, provided at the other end with another crank-lcver con- 
nected with the valve-spindle. It may be attached to all ordinary gover- 
nors. In the case of tw^o fifty-horse engines coupled together in Sir C. 
Armitage*s mill, at Pendleton, near Manchester, the result of a trial by 
throwing ofl* the whole weight was the recovery of the usual speed in 
1} revolutions. The load on these two engines er>nsisted of 20,000 throstle- 
spindles, 13,000 mule-spindles, and 250 power-looms, with all the neces- 
sary apparatus for working the mill. 

In fig. 113 we give a diagram iUuatxative of this apparatus, so capable of 
iostantaneonsiy relating the performance of engines, a is the steam-pipe 
from boiler, c c the double-beat valve ; when this is raised by the lever actu- 
ated on by the lever d of the connecting-rod, the steam passes from a in 
the direction of the arrows to the steam delivery -pipe b. 

The ** hydraulic motion regulator” is an American invention, reocully 
introduced into this countiy, and which has already taken a high plaee as 
an effeedve governor for steam-engines; we give a diagram a^ desexip* 
lioii of this apparatus, taken firom the invents dieiilar (Mr* Hidbev)* 
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water from the pump escapes through an aperture of a certain area; this 
is calculated so as to maintain the plunger at a certain height in the cylin* 
der. Should, however, the speed of the engine increase beyond its regular 
working speed, the pump is in consequence worked faster, and a greater 
quantity of water delivered to the plunger cylinder: but the aperture for 
its escape remaining unchanged, it cannot get away, it therefore fills the 
cylinder to a higher level; tliis raises tlie plunger, which, connected with 
the regulating-valve or throttle-valve, lessens the supply of steam to the 
cylinder and reduces the speed. The pump is worked by the engine by any 
of the ordinary methods of connection. In fig. 114, « is the pump worked 
by the engine; c the suction- valve, through which the supply of water is 
obtained, b tlie delivery -valve, supplying the cylinder f. To prevent tlie 
plunger from rising higher than necessary, a small hole, g, is made in the 
cylinder; wlien tlie plunger rises above this the water escapes by it, and 
tne plunger rises no higher. The piston-rods pass through the bonnet or 
cover of the external casing ^7 » cups ik are used to return any water that 
may be drawn up through the stuliing^boxes ; the piston-rods are thus 
lubricated, or made to work smoothly, with water surrotmding them. The 
whole apparatus is enclosed in the casing jj; so that the same water is used 
over and over again. A spring is coiled round the piston-rod of plunger f 
at s ; this prevents its falling further than necessary. The opening by 
which the water ordinarily escapes is made just above the delivery -valve b; 
and the amount of opening is regulated by a handle or lever which passes 
through the cover A, accox^ng to the spec^d at which the engine is desired 
to rum In place of the ordinary throttle- valve, the inventor prefers to use 
a regulating valve similar in principle to the disc-valve employed as the 
regulator^ in locomotive engines. 

In caloulating the power of steam-engines, there are two temm used-» 
the ^ nominal power** and the ** actuah or e^tive power.** By the term 
** nominal pbweri** lefereiwe is made to an enghm hasii^ a cylinder dt 
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ghw dSameter, « giTen leiigth of stroke^ with m tmifetm 

tho ps^oa of7Ibt. per iiiob. Wua oaloulmted the e£RK»lhw |weia^ cm thi 

pistGQ in small aigines at 6*8 lbs. 

per inch, and in large — as 100 

hme-power — at 6*94 ; 7 lbs., how- 

erer, is the efTectiTe pressure cal- JLJL 

culated. By the term ** actual** I 

power, is meant the number of *' L^l cm 

times dSyOOOlbs. the engine is ca- J | 

pabljB of iiiUng 1 foot high per LE 

minute. By the term “duty** of || I CM 

an engine is meant the amount of 11 'VV 

work done in relation to the sE 

amount of fuel consumed. V ' 

In calculating the nominal |5E ^ I 

horse-power of an engine, the fol- VtX f W| "¥ 

lowing rule is adopter “ Square W J 

the diameter of llie cylinder, and 

multiply tlie numl>er of tKpiare I^bH 

inches thus found by tlie cube-root '•I | ■ I** 

of the length of tlie stroke in feet, I I ■ I 

aud divide the product by 47 ; the II [ I 

quotient is the numl>er of nominal l||t IF ~|| 

horse-power of the engine/* jrlll 11 H 1/ 

By the term “ horse- power,** III I I I I 

as introduced by Watt, was meant I Mlly H I 

the mechanical force necessary to I HrnM H I 

lifi 38,000 lbs. 1 foot high ]>er I l||||pH H I 

minute. Prior to the extended in- I W I H I 

troduction of steam-engines, the E H I Hp-*** I 

work at mines, 4rc. was frequently EH I HI^^^H % 

done with horse-power ; it be- m U I \ 

came, then, of importance to be I tEEB Emi M I^JE 

able to state the amount of w^ork I ^1 

done by a steam-engine, as com- I 1 II 

pared with a given number of I ■EEIm r~^ H 

horses. The power of a horse, as I • [ i II 

talculated by Watt, was equal to I I jpW|| HBP||El 

I sing of 33,000 lbs. 1 foot I | 1 1 ilF^ 

1 a minute. Engines now, QE MHnpMH 
sr, calculated at this rate, '^ | a, 

ixert a greater power than 

ainal power ; it is, therefore, 1 1 

>rtance to be able to cal- 

tbe effective or actual power of an engine, without reference to its 
d power. This is ascertained by means of the “ indicator,** which 
be effective pressure on the cylinder of the eugine: from this is 
id a pound and a half of pressure absorbed in fHction, dfc. ; the 
f of the motion of the piston in feet per minute is thus ascertained ; 
dcme by muhijdyiiig the number of revolutions of the eng^ per 
the ki^fth of sti^ke. These data haring been ascertaiii^, the 



fiik ^re the efieettre power the ^gtae, ei^biililled ^ 
Wi^ Sale: Multiply the area of &» jnaton in square inches by & 
eiective pressure (found as above) and by the motion of the piston in ^et 
pe^ minute* and divide this by 33,000; the quotient is the actoal numb^ 
of horse-power.” For each horse-power of an engine it is calculated that 
33 cubic feet of steam is expended per minute, or an evaporation of 1 cubic 
foot of water per hour. The combustion of 11b. of coal is calculated to 
raise 6 or 8 lbs. of water into steam ; Watt reckoned T^lbs. of wato to 
be evaporated by the combustion of 1 lb. of coal. In the modem Cornish 
engines, the same quantity of fuel evaporates 10 lbs. of water. Land 
engines are generally calculated to consume 10 lbs. of fuel per hour for 
every nominal horse-power, or 5 or 6 lbs. for each actual horse-power. 
In the Cornish engines the duty of an engine is “ expressed by the number 
of millions of pounds raised one foot high by a bushel, or 94 lbs. of Welsh 
coal;” a bushel of Newcastle coal will only weigh 84 lbs; and, in compar- 
ing the duty of a Cornish engine with the performance of an engine in 
some locality where a different quality of coal is used, it is necessary to pay 
regard to such variations.” In tlie engine at Long Benton Colliery, erected 
by Smeaton, the duty performed was equal to 9*45 millions of ix)und8, raised 
1 foot high by the consumption of 1 bushel of Newcastle coal. In the pre- 
sent time, what with improved engines and boilers, and 
the extensive adoption of tlie principle of expansive 
working, the duty of Cornish engines is estimated at 
00,000,00011)8.; and in some instances the duty has 
increased to die large amount of 100,000,000 lbs. 
raised 1 foot by the consumption of 94 lbs. of fuel. 
For much valuable practical information on the power 
of engines, the heating surface for each horse-power, 
&c. drc. we refer the reader to Bourne’s Catechism of 
the Steam Engine. 

We now, in concluding the present division, give 
a description and diagrams of the important instru- 
ment, the “ indicator,” so essentially necessary in 
computing the effective power of steam-engines. A 
small cylinder, as a, fig. 115, is placed in connection 
with the interior of the cylinder, either above or be- 
low the piston, — generally it is screwed into the aper- 
ture made in the cylinder-cover ; a stojHcock is placed 
in the pijie 5, by which the connection between tbe 
interior of steam-engine cylinder and *that of the in- 
dicator can be closed or oj>ened as required. Into 
the cylinder a a piston works; within the interior 
of the rod c of this, which is made hollow on pur- 
pose, a e{dral spring is placed; the lower end of this is fixed to the 
piston, and the upper to a small cross-head, <», supported by side-rods, 
ooimecied with the cylinder, a a. To the top of the piston- a pencil, 
fg^ is attached ; the point of the pencil works in contact with a slip of 
paper wrapped round the small cylinder, 5, and kept in contact with it by 
the vertical strip of brass, tt, on which is mark^ a soiUa The axis of 
this cylinder, is oontini^ downwards, and provided wHh a pulley, A 
This paDey is oonneoted with the parallel motion, or odier rsciprocaliag 
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fig. 115. 





part of by wMch motion is ^ven to it| esxa&ssg it to reTOt^ 

mily in one direction: tbe cylinder^ m^ee its retom motion to ori* 
j^niid position a spring coiled up in the bottom near $ $; the direction of 
the cord, after leaving the puDey, is changed by a guide-ptilley not shown 
in our diagram* The effect of the two motions, namely, the up and down 
motion of the piston, and the revolution of the cylinder, A, is to cause Ae 
pencil, to describe a curve, varying in its outline. Before the connection 
is made between the interior of cylinder a a and the steam-engine cylinder, 
what is called tlie atmospheric line is drawm on the paper; this is effected by 
pulling the cord, or allowing the engine to act on the pulley. The cock at 
the pipe ^ is then opened, w hen the piston is at the top of its stroke: the 
steam acting on the cylinder (steam-engine) piston acts also on that of the 
indicator; this wdl! therefore rise, and with it the pencil, which is made to 
press slightly on tlie surface of the papr by a small spring; at the same 
time the roller, or cylinder, revolvcis. A line is thus traced on the paper, 
** wdiicli rises higher up on the cylinder as the pressure of the steam in- 
creasifs, and comes low or upni it as the steam- pressure subsides.** 

The method of ascertaining the pres- 
sure on the piston of the engine, from the ^ 

diagram thus obtaincNl, very simple, and ^ 
will be cjvsily iinderst(HHl by reference t<» 

%. lir>. Sup|X)8e abed to be the slip of f 
pijH-T, on which the indicator diagraui has 
been taken, and e f th(‘ atmospluTic line, 
the divisions at the ends, as at 6 c, corre- 
spond to the divisions of tlie scale i on the » 
indicator, tig. 115. Divide the length of 
the diagram into any number of cMpial di- ^8* ***** 

visions, and through these draw lin<*8 at 

right angles to the atmospheric line f.f ; measure the lengths of the spaces 
thus formerl by the intt'rswtion of the diagram with the lines, as the 
length from m to a, and from r to s, and so on (the measurements must be 
taken from a scale corresjK)iiding to that in the indicator-scale), and all the 
lengths together ; divide tliis by tb<? number of sjiaces, and the quotient is 
the mean effective pressure on the piston in jiounds per square inch. We 
have alrt‘ady descril)ed the rule for calculating the efi’ective pressure of 
the engine. The indicator is not only useful m ascertain the amount of 
powx'C exerfe<l by the strokes of a steam-engine, but it serves also to point 
out particuk^r defects in the working. Thus the nearer the diagram at- 
tains to the f(jrm of a parallelogram, the more j>erfect is the working of 
the engine. Wlicre certain deviations from the square at the comers are 
indicated on the diagram, certiiin defects are made known. 

For full information on the practical working of the indicator, and the 
method of ascertaining the defects as indicated by the diagram, we must 
refer the reader to other and more practical works — as the Jnduxttar and 
Dynamrnneter^ by Professor Main and D. Brown ; published by Hebert, 
Cheapside. 





BOTAitHtr^woiina Aiis ot^ 

Ite oblttii&ig^of a it>tatorjr motion by the direct action of die staano^ 
oat inrolvin^ the ose of reciprocating motion ae in the pieton'^irod of a 
cylinder ^iginei has Iona been a favonrite problem with many medumieSi 
on the eapposition that me various parts of an ordinary engine, as the pis- 
ton , beam, connecting-rod, and crank, were not merely inconvenient, but 
that th^ acted as counteracting agencies to the full development of the 
power of the engine. Numerous attempts have been made to substitute an 
engine in which the main shaft received motion directly from the action of 
the steam ; this acting on certain mechanical arrangements, placed within a 
case or exterior covering. The great objection which the advocates of the 
rotatoiy class of engines have raised, is the assumed loss of power sustained 
by the use of the crank. It is, however, an easy matter to prove the fal- 
lacy of this opinion ; suffice it to state, that the opinion that there is a loss 
of power by tne use of the crank, arises from a misconception of the prin- 
ciples of its action. There is no doubt that an efficient rotatory engine w'ould 
be highly useful for certain applications, as the driving of a screw-propeller, 
where direct action is required; and a great saving ol’ space and material 
would also be effected ; but so far as the assumed gain of power which 
would result from tljeir introduction is concerned, it may be taken as a 
general truth, supported by the best mechanical authority, that no advan- 
tage of this kind is possessed by them over the ordinary reciprocating kind. 
The great desideratum now hoped for, by the introduction of a rotatoiy 
engine among those mechanics who devote their time to its attainment, is 
not a gain oC power, but only a simpler and more convenient mode of ap- 
plying it. “ Such a gain,’’ says the reporter to the jury, section A. class v. 
Great Exhibition, might indeed I’csult from a freer access of the steam to 
the piston, from a diminution of th« friction or the jar of the working parts, 
or from a more complete expmisiou ; but, thanks to the more gener^ dif- 
fusion of infonnation in mechanics, practical men now know^tliat there is 
no more possibility of increasing tlie w'ork of an engine by merely altering 
the direction of any of its working parts, than tljcre is of increasing the 
quantity of water which a reserv'oir will supply, by varying die pipes which 
serve to distribute it,” 

Although eminent authorities on engineering matters have expressed 
opinions inimical to the idea that a go^ rotatory engine will be intro- 
duced to the superseding of the reciprocating engine; still it is right to 
state that others, perhaps of equal standing, hold the contrary. The result, 
however, of the various discussions enter^ into on the point, seems to be 
that, if the enmnes can be kept tight, and the uniformity of wear in the peck- 
ing effieoted, me great diffioi^ty attendant on bringing them into practical 
opentioii will have been obviated. That this diffic^^ is (me of no ordinary 




Of 

kind, may be firom tbe etatemenl of one of our most iMraetioall ^ 

gmeem, that ‘^WfrooUl *• eoon think of inveothig je^ipel^ 
omoomii^ il^** : 

W© iiQfV |in^^ &© prtno^e of h ^ ^ 

et^mee'^lihlaohiM yet hUrodu^ : ' ;rf ’ •' 

Jloteimr^a^j^^ of aeviffid kindb; fh© 4B<)iE^ # M«$43r 

x»Mim i|pe^., '• 

i j^ «p«!hi{>P# in Arerfs i^ne, in^rodm^ m, mk* 

opnsidmble 

^li eog^ oonaista of two h^ow arms ab, % ilT, litlAep©i|^ 
trel ppe o, which rerolves on ata axis, and gives ^ 

ftohi which ^6 power is distributed as required by a bdt; m ©{^pm© 
sides of the ex^mities of the pipM^ or arms al^, anertu^ a|© 
and the steam issuing firom these in contrary direcUons, as io 
catase the arms to revolve with great rapidity : steam is admitted to ^o 
arms through the pipe d. The arms are enclosed in a case ^/*; and tji© 
steam, after working, is let off to the atmosphere by a pipe oommunicatit^ 
with the bottom of tlie case jy The cold-water pump is worked by an 
eccentric on the horizontal shaft. Although several engines of this class 
have been introduced, luid, according to the patentee, with marked success, 




fig. 117. fig. 110. 

as simple and economical, yet their number is hy no means increasing. 
One great objection to it is the high pressure of the steam emjiloyed, and 
the limit to the power of the engine set by tlie difticulty of increasing the 
length of tlie arms a 6, so as to obtain increase of power; the amazing velo- 
city at which the anns revolve, 3000 and 4000 times per minute, makes it 
liable to speedy disarrangement of parts. 

Rotator)^ engines are sometimes made on the impulse principle, as ex- 
emplified in Branca's steam -wheel, already noticed. A modification of this 
principle is carried out in the rotatory engine patented in 1841 by Corde 
and Locke. 

u the^fikUiPdatiop^aa w^k^h t^ stcani->whedl.m 



parideA with 1km$ €S[ hwA^ at ^ 

; the thait of thu, m Cy h carried throfigh the dnter-ca^ltig 
ilk whii^ the wheel revoires thtmigh stuffing-boxes; the pulley txt tooths 
wheel communicadng motion to the apparatus to wodced by the 
power of the engine is placed on this shai^ outside the casing of the whed« 
A vacuum is made in the interior of the casing by the medium of the 
eoiKknier/ to which the steam is conducted by the pipe e. The exhaust- 
ing is carri^ on by a small double-acting cylinder-engine working the air- 
pump. Attention has been much directed to this invention, principally 
through a very favourable report as to its working capabilities by Josiah 
Parker, the consulting engineer to the Royal Agricultural Society of £ng^ 
land. A novel fact was elicited in the course of the experiments — namely, 
that when the steam, after working an ordinary reciprocating cylinder- 
engine, is admitted to the exhausted case, and made to impinge upon the 
floats of the wheel before Anally passing to the condenser, an additional 
power is obtained equal to one-third, or 33 per cent; and this without 
any increase of fiiel or increase of condensing apparatus. 

The next class of rotatory engine to which we will direct the readers 
attention, is that in which the piston is made to revolve round its axis. In 
the patent granted to Watt in 1769, he included a claim for a rotatory 
engine; and, from his own statement, it appears that ‘‘ a steam-wheel mov«i 
by force of steam, acting in a circular channel against a valve on one 
side, and against a column of mercury or other fluid metal on the other 
side, was executed at Soho u])on a scale of six feet, and tried repeatedly ; 
but was given up, us several objections were urged against it.” This failure 
did not, however, influence Watt to give up his trials; but in 1782 he took 

out a patent for two engines on a similar 
principle: one of these we here append an 
illustration of. In flg. 119, a a is a circular 
casing, b an axle passing through stufling- 

boxes at the ends of the casing, c a piston 

revolving in the case, d a valve which, turn- 
ing on a hinge like a door, passes into the 

recess e; f the pipe admitting the steam to 

tlie casing, g that leading to the condenser. 
The valve c extends the whole depth of the 
cylinder. On steam being admitted to the 
casing, it presses on the piston c, and causes 
it to revolve ; on reaching that part of the 
casing near the eduction-pipe y, the piston 
strikes the valve d, and forces it into its seat e; 
the steam-entrance is thus closed, and the steam in the casing rushes to the 
condenser through g. On tlie piston passing s, the valve d falls open, as 
before, admitting steam to the casing to act on the piston. From the force 

with which the piston strikes the valve d, the marine rapidly faUs into 

disrepiur. 

Murdoch, an engineer, employed under Mr. Watt at Soho, introduced a 
rotatory engine, of which, in flgs. 120, 121, we give drawings; the steam is 
adndtted by the pipe s, snd acts upon the projecting arms b of the loltem 
a a, placed within the caring d d. The steam, afto wmking the rolicfSi 
jmmm into the eondfinser by the pipe/; the was worked by a 
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fig. 120. fig. 121. 


From tlie great variety of rotatory engines of this class which have 
been introduced from tlie time of Watt till now, it is quite an impossibility 
for 118 to notice even a small proportion of their number ; we must refer 



tile reader to larger tmtiaei, where several of tlie most ingenious are 
iUusUrated. We propose only giving illustrations of one or two of the 
mort reeentlj introduo^ and wluehy from their admirable amngenml of 
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fMurtt, and diair general efficiency, nte likely to be mtiodiioed on » 
pturadrely extemdve scale 

A form of rotatory engine, which has been spoken highly of by eonpe* 
tent authorities, is that invented by Mr. Isaiah Davies of Bimunghim. 
Through the courtesy of William Johnson, Esq., editor of the Practical 
Mechanic' B Journal^ we are enabled to present our readers with a descrip- 
tion and illustration of this (as well as of the one following this) ingenious 
rotatory steam-engine. In hg. 122 we give a transveise section of the en- 
gine, which is of the duplex construction. Fig. 123 is an external end- 
elevation correspondini^, showing the arrangement of the cam motion ffir 
working the valves. Fig. 124 is a plan view, showing an engine or cylinder 
in elevation ; the other in section, a is the main sh^t of the engine, which 



fig. 124. 


both directly receives and transmits the power. Two pistons 5, arc carried 
loose on this shaft on three feathers; by this arrangement the pistons are 
carried round by the revolution of the shall, but are allowed a certain 
amount of play laterally ; that* is, they can move backward and forward a 
slight extent On the shails. It is in tliis point that the main objections to 
rotatory engines have been overcome; this side to side movement of the 
pistona preventing all we.ar and injurious binding of the piston; and by 
means of the end set-up plates the surest adjustment of parts can be oh^ 
tained, thus obviating the excessive wear found in otlier engines of this 
class on the surface of the piston and the ends of the cylinder. The pistons, 
6, are cylindrical for the greater portion of their circumference, but have 
ciudi projections cast as in %. 123, these recaving the actuating pressure 
of the steam. The axes of the pistons coincide with the centres of the 
cylinders; and the diameter of the former being less than that of the latter, 
an annular space is left all round as at e. The faetons are placed on the 
shall in such a manner that the projections m ex^y oppo^ each o^car. 
Tibm cylhijder^ ars bolted down on the same axlai jine a casa-tiw 
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cmied bj ^ light stone inundation* Each cjlindor is 
iboiged at both ends, and the two are bolted together by bohs pasting through 
a oentral partittoii plate placed between them to divide the spaces of ea^, 
the shaft being pasoed trough a central hole in the plate* The transverse 
sectkm in fig. explains the valvular arrangement employed Ibr the in- 
ductum and eduction of the stctam. The steam- chamber, df is cast in one 
pieoe with th^yhnder, and is provided with a movable cover and adjust- 
ing-screws, by which to adjust a metal plate placed at the back of the 
steaoHValve to take off the pressure of the steam. The steam-vaive is 
worked by a spindle, s, standing out iu front of the engine, and which is 
a^aated by a cam motion of a peculiar nature, presently described. The 
fiat steam-stop,/, which acts as an abutment or movable partition, against 
which the steam re-acts in urging round the piston, is in one piece with 
the flat steam-valve. The supply steam is brought by the pipe c, which is 
bolted by flanges to the lower side of a receiving-chest containing aa in- 
verted d or single cup-valve, enq>loyed for stopping or reversing the motion 
of the engine. The valve is worked by a small hand-wheel, 2, on a screwed 
spindle, working into a socket on the ^indle of the valve. By this means 
the valve may be adjusted to any desired position with the greatest nicety. 
As arranged in the diagram, tlie steam passes aa shown by the arrows 
ftom the lower valve-chest up through the uncovered port k\ and thence 
by the port at the front of the working valve-chest to die space above the 
top plate, which bears upon the upper face of the steam-valve. From this 
point it passes by the narrow gridiron slots in the plate to a similar series 
of slots in the upper side of the steam- valve; these slots extending across 
one half of the valve surface, and communicating with a narrow channel 
cored out of the centre of the valve's thickness ; and finally terminating in 
a laxger port, which in fig. 122 is repn^sented as conducting the induction- 
steam into the cylinder above the end of the valve forming the stop-piece. 
The exhaust steam is meanwhile returning from tliat portion of the cylinder 
which is continued between the back of the projection and the lower side 
of the stop-piece /, by an exactly similar set of ports and slots, occup}ring 
the remaining half of the valve, as seen more clearly in fig. 124. The main 
exhaust chai^I, in the thickness of the valve, communicates, by means of 
three narrow slots in the lower surface of the valve, with a oorrespouding 
series in the bottom-supporting stuface of the valve-chest, and the steam 
exhausts theuoe into a passage leading into a hollow of the reversing valve, 
and finally escapes by the exhaust port I into a waste pipe bolted to the 
side of tim ttop valve-chest It is easy to understand how the passage of 
the steam may be entirely reversed, by setting the reversing valve to cover 
the front port and open the bock one, when steam will be immediately 
admitted, by what were before the exhaust valves, to that portion of the 
cylinder below the steam stop-piece the exhaust likewise taking the 
place of the former steam-ports oa the upper side of the valve. The steam 
mi^ also be entirely shut off fiom the cylinder, by placing the reversing- 
valve in the centre of its stroke, so as to cover both ports on its face. The 
aefibn of this v^e is essentially different from that of ordinary steam 
slide-valves^ finr it has to fulfil conditions of a vexr different character. It 
has to femaui in one posttxon for a kme period anring each revolutioa of 
the eofiiie, to adniU steam m nraje roiuid the it mnsi afterwards he 
qmekijr merely to al^ oi the poasage of the pitfieeting partof 





tii«» fiilota; flIUr which it is cg«ia passed iixward* Tospiodiiee pis« 
en^ mercnieiits, Mr* Davies ha# applied an ingeaioiis aarrangeiiMnft of 
cemSf which work inside the fiwtne n (tee the elendon in %. hi ^ 
pkee, with an actuadiig rod partially sopj^rted by a link o, joii^ed to 
stud on the foundation {date; the extremity of the actuating rod behig 
jointed to the end of a short lever p keyed on the valve roeki^^shalt Ihe 
rocking>shad; works in pedestals carried by the foundation-plate, and has 
keyed on it a lever with a forked upper end, connected by short links to a 
cross-head on the valve-spindle e» In an improved form of this enginh, the 
inventor has substituted double-acting pistons for the single-acting ones, as 
in %. 122, having two projections inst^ of one. The two projectioip are 
set opposite each other on the pistons, the latter being so placed on the 
shafts that the projections of each stand at right aisles to one another; thus 
balancing both Iheir own weight and the actuating pressure of the steam. 
Steam-stops, with the requisite valves, are provide for each px>jection on 
opposite sides of the engine; ^ two stops for one piston being simul« 
taneonsiy worked by one cam motion. In place, therefore, of describing 
the single motion of the engine in %. 1 22, we shall explain that adapted 
for the engine with duplex projections. Fig« 12$ 

0 ^ p exhibits a side elevation of this arrangement, in 

which the two dotted lines a, by c, d are mpposed to 
stand in planes coincident with the centre lines of 
rv rZ/ M/u \ piston projections. The throw of the cams hav- 

® ^ been settled, the first thing to be done in set- 

ting out their curves is, to form the dotted square s, o, 
py hy with diagonals drawn through it To find the 
• diameter of the anti-friction rollers k I, against 

which the cams work, the throw of the cams is added 
‘ to the thickness of the roller studs, allowing abotzt 

one-eighth of an inch clearance between the extremity of the cams and the 
roller studs. The true curve of the actuating cam surface is a matter of 
great nicety, as ii^n its exactitude depends the correct working of the 
valve-stops against the piston projections. The breadth of the end m, a, of 
the smaller cams, is determined by the piston projections themselvee, as 
the two must correspond. On moving the rollers in the direction of the 
arrows, it is evident that no rectilineal motion will take place until the 
point n is gained; and the nature of the movement subsequent to ^is is 
thus determined. On the horizontal line a 6, a semicircle with a radius equal 
to half the throw is delineated at a, and this is divided into any given 
number of e<|ual parts; and from these points ordinates are drawn to the 
diametrical hne. Thus, from the centre of the shaft the arc ad \m de- 
scribed, being bisected by one of the diagonals before mentioned. 

That portion of the arc contained between the point o and the diagonal 
line Is divided into the same number of parts as these mioirde at a, draw- 
ing radial lines to each, and describing concentric arcs, commencing at the 
ordinates of the aemieWe a. A line then traced through the poliits of 
intersection di&keao ares with the radii will indicate the centre of motbii 
oi the traverse of the roUer d^ the peripheiy of which g^ves ihe required 
shiqpe of the cam. The large cam pis ofecuree fimned so as to act in 
oonoert with the saaB oiie> whkh we have just described. In fig. l^;lt 
will be seal tfiat the actiiatiiig pojectkms of the |»stons whi^ wotjt 
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iiidilii ^ of ^6 oytinden are fitted witk « j^lhg-pieee 

cr ttidal oil ^oeed obfiq^y across the faoe of the pistmii oo as to 
its pMage aoras the slot In the cylinder. This stoihfdeoe is hapt up to 
He woildng fiwie by the pressure of the steam behiim it, a di|^t bl^* 
iprii^ being proiriaed as an additional safeguard. The action of the earn 
moHon is s^, that at each revolution, when the projection la apjaoaohes 
the steam slide the latter is drawn back at such a rate aa to keep its inner* 
fimed end just clear of the approaching curved surface; and just 
instant of passage of the face of the projection, the slide fbr an instant 
slope, and is wen similarly poshed inwards, to fill up the space gradoalfy 
left l)y the receding of the projection. The working-fiice end of ttie steam 
slide IS fitted with a tongue-piece of brass, with a spring behind it, to work 
Upon the cylindrical portion of the piston. The action of this tongue is 
clearly shown in the details of valve in fig. 12(). To support the slide, 
fig. 122, against the pressure of the steam when stretchod across the annular 
space of the cylinder, it is let into a groove in the centre potion and 
end set-np plates, thus providing it with a solid foundation. The adoption 
of the system of divided steam-ways in the slide removes all objeodonable 
frictional wear at that part, as it is only for a qtiarter of an inch movement 
in each stroke that the steam-pressure in the valve is unbalanced. The 
^stant the communication is oj>en<Hl on both sides of the stop, the pressure 
is equipoised, and the remainder of the valve’s stroke is performed under a 
pressure not greater than that resulting from the mere weight of metal. 
At each involution, a portion of the steam contained between the after 
curved side of the projection and the cylinder, which steam has before 
done its duty in carrying round the piston, is shut in by the steam-stop, 
to be again made use of in the succeeding 
stroke or revolution. Fig. 126 is an enlarged 
view of the steam- valve and partition-slide. 

In this view it is working in the same condi- 
tions as in fig. 122, the steam entering above 
the partition and escaping from below it, as 
before explained. Again referring to fig. 124, 
which, as a combined view of the whole en- 
gine, gives the clearest explanation of the 
arrangement, we shall now show how the 

^fficuldes attending the end wear of the piston have been effectually got 
rid of. A favourite argument of many writers, holding views adverse to 
rotatory ei^nes, was that of supposing two plane circular discs of metal 
to be working together, revolving upon coincident centres. Experience had 
gone to show that the plates in these conditions would inevitably wear 
untrue, by reason of the much greater space passed through by the cir^ 
cumterence of the di^, as compared with the space near the centre rf 
motion. After working some time, the surfaces were no longer plaoesi 
but by the law of reladve velocities became cones, the centres of whiA 
remaiiied in contact, whilst the circumferential portions parted. Applyii# 
dlls result to the end wear of rotatory engines, it was held to 
inyincibfe aigument against their success ; for the evil only increased W 
oottthitied working. We idiafl now explain how this evil does net obteiii 
la engine un^ mid imm mm 
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.only beiiig bolted to the cylinder flanges; the iniMW one isnnlein, 
dieCf moely fltted to the internal diameter ^ the cylinder, axid faced 
ibe oiicumferential portion of the piston to work agabst This phd^ i« 
capable of the most accurate adjustment by means of screi^, which are of 
a peculiar arrangement ; two screws, a hollow and a solid one, being em- 
ployed* A hollow bolt screwed on the outside is first fitted into threads 
in the external cover, so as to project slightly through into the interior, 
and press against the exterior su^ace of the inner set-up plate* Through 
the centre of this hollow bolt a solid one is passed, and screwed into the 
disc by a thread cut for a short distance near the end of the bolt. By 
this contrivance the hollow bolt presses firmly agmnst the back of the 
set-up disc, whilst the inner solid bolt, when Uimed, pulls the disc tight 
against the former, and enables the engine-attendant to set it accurately, 
so as to work with the least possible friction in the piston. The latter 
being used out, and only a narrow ring of metal being left near the circum- 
ference for frictional wear, the irregularity of wear found in the action of 
two plain discs of great area is not found here, as the difference in the 
distances passed through by the outer and inner portions of the bearing 
ring of the piston is quite inappreciable. Under a pressure of steam of 
22^ lbs. the engine made 70 revolutions per minute, consuming 2 ewt of 
slack coal in 2 { hours, having a power of 12 horses. We have been 
thus particular in describing this engine, as it may be taken as an excel- 
lent type of this peculiar class ; one abounding in high ingenious mecha- 
nical contrivances, and one, moreover, which has passed the ordeal of 
practical working with a high degree of satisfaction. 

The elliptic rt»tatory engine” is one of the most successful examples 
of the modem attempts to apply steam-power directly to a revolving crank- 
lever, so as to economise steam, lessen the weight, simplify the constructive 
details, and convey the power directly to its w’ork. Such an engine is, in- 
deed, practically equivfident to the causing the steam to lay hold of and 
actuate the crank or revolving shafts just as the hand turns round a winch, 
wifliout the intervention of joints, levers, and connecting-rods. It is the 
invention of Mr. William Hyatt, the engineer to Champion’s extensive 
Vinegar Works, of Old Street Itoad, St. Luke’s, London, and is being carried 
out by him, in conjunction with Mr. Wright, the managing proprietor of 
the works. The essential peculiarity of dbe engine is to be fbimd in the 
fact, that the steam-cylinder is bored elliptically, in order that the revolv- 
ing piston within it, when set upon a shaft disposed eccentrically in rela- 
tion to the minor axis of the dlipse, may fit accurately to the elliptio 
surface throughout the entire revolution. This is a peculiar and un- 
looked-for characteristic of the eUiptical figure. The true action is OUlj 
to be secured when the amount of elliptioity is exceedingly slight, the 
centre of motion of the revolving piston-shaft being in a intersecting 
the minor axis, at abont one-thM the length of such axis. That such 
an engine does work in the most satisfactory manner, is now practical^ 
exmnmified at the Old Street Vm^;ar Works, where the engine, fhan whkm 
our drawings, in figs. 127, 128, and 129, were made, is in daily opera- 
tion. (1853.) 

Fig. 117 ie en. external longitudinal elevation of the engine in wodk^ 
mim. |%. 4|8 lanooneqp(»^«ad-ekval^ 



l«ni^ end eo*e| at diei'^eTHiider being lemov^ to show the pistoa 
tL Big. 129 ii A 1 ^ of the engbe. ^ 

tie Aim sleam-cylmdert a, open at each end, and fitted with two end^ 



g. 127. 

coTera, is placed with its axis horizontal upon the base-plato 4, being 
bolted down thereon by four projecting eyes c; the horizontal piston-rod, or 



ina^-aigiiie abaft, is passed eceentrically tfaxongli the of liadbri and in 
wer^eal line of ^ namor or conjugate aaua ei the dlUpae* The eaiil* 
wmToM^rjputtm e is luitaldf filled w^packing^ieoesiaMtlottedtiis^ 





lit to it t&e ism 

Wtamriilar. 

mm ci&o vorioBgi bjr «lid^lMMi% 

iquaied shaft or rc^ d; or^ instead of this more dir^ j^idiog 
4eth»i, a frwne may be introduorf to cany anti-friction-rollers, 
ttpoi the shaft^iurilM^e, and adjustable by the aid of screws and wedges. 

of the piston — which packii^ is, at the same time, a 


portion of the working steam-pressure sur&ce — consists of two metaWc 
strips or ribs, of the len^ of the cylinder, the outer projecting 
surface of such ribs being rounded, whilst their inner flat sides are fitted 
into shallow groves A, formed diametrically opposite to each other along 
the piston, and in its axial line. The actual working packings are strips 
of metal, t, fitted on their inner sides to the external rounded surfaces 
of the pieces, whilst their outer surfaces bear against the interior of 
the cylinder. These outer-rubbing surfaces of the packings, i, are con- 
siderably rounded in transverse section, the radius of curvature being 
slightly less than that of th^ quickest curve of the cylinder’s bore, so that 
the packing may work round the sharpest elliptic curves with facility; and 
heli^ springs are set in behind the packing-pieces, to admit of a free adjust- 
ment during working. The flat-end packing, for keeping the piston 
steam-tight at its two ends, is composed in each case of the brass-ring /, 
let into the end of the piston, and having two projections, ^,upon it, passing 
through slots in tlie end of the strips thus forming a simple and effective 
end-packing. A small brass-plate, A, is let into tlie end of the strips, #, to 
complete the end-packing. The piston-rod is supported in a stuffing-box, 
If on the outside of each cylinder cnd-covcr; and the engine in the present 
case being a single one, the shaft has a fly-wheel, m, keyed upon it, the 
heavy rim of the wheel being cast hollow at certain parts to balance the 
overhang of the piston. That end of the shaft which passes away to the 
machinery to be driven is supported in a pedestal, n, bolted down on the 
base-plate; this bearing, in conjunction with the pair of stuffing-boxes, 
being the only bearings requisite. When one end only of the shaft is used 
for driving, no working valves are required in this engine, the steam 
being admitted in a constant stream by either of tlie two opposite ports o, 
the only variation of the current being when the sloi / is iwmontal, this 
being the dead centre of the engine; and both ports are then closed. Or, 
by another slight modification, tlie steam and esilkaust ports may be made 
to extend a long way round the cylinder, in older that the es^ne may 
have no dead point, the steam being admitted to ba^ of the revolvkig 
piston-blade before it is entirely shut off from the ftont side. For reverrini^ 
an ordiaaiy three-way cock answers every purpose, one cock being set 00 
each side of the cyiinder, and put in connection by means of two dbnhio* 
branohed pipes; so that mther side may Be made the steam ingress si^ 
Tlie steam acts equally well in both directions of revolution, the effbotife 
nrsamre being that upon tiie overhang or eccentricity of the piston, which 
IS ootuSaatly varying In effective area throughout the revdatkm; the piston 
bebg, indeed, a dired^actbig crank-lever for turning the shaft. Few lubri* 
oationi an oih*ieservuir,|»^ is set <m the top of tiie cylliider, a stop-ooeh, o, 
fitted bmieath jl to eoanmand the flow thxtoiii^ the p%as r, tfhSm 
Mfeea^h iMe bmiehes ffir kbricating the bared peirtiito^tlto<grM 
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W an d%« wito • «d« of 204 iodua, and a ndaor axia of 

18 | todiea. 'ntis ensiae ia called a SO^otae, idulat aritl^ a jpreaaoie of 
SiliMa ol'iUftmllie indicator has diown a power of M horaee. Oor readerf 
may jui^ of its oompactnem bj oomparizi|^ this power with the imm actoallj 
oocQjHed, ae ehowo in oor diawiog. 

We think we m&j safely point to Mr. Hyatt*8 engine, m being the 
eiinpleet and meet compact of the really effective existing examples of the 
direct*pre8sure rotatory dam. It is evidently applicable for all the pur* 
poaes to which the ordinary engine can be applied, as well as to many 
which are beyond the reach of tlie old form. With an actuating power 
lulled to its shaft, it at once becomes a forcing or exhausting pump ; and* 
sh^tly modified, it becomes suitable for the jmrposes of locomotion. As 
a railway engine, it is proposed to use two cylinders — one on each driving 
axle — the a^es being thus made the engine piston-rods; whilst the dead 
points are of course avoided by the usual exp^ient of setting the lines of 
greatest effect at right angles to each other, the axles being coupled in the 
common way. But tlie most obvious application of the engine is for screw 
propulsion. The screw-sliaft l>ecomes tlie piston-rod ; and as there is no 
reciprocation about it, any reasonable spiked is attainable, whilst the power 
is conveyed direct to the screw. Indeed, the practical valve of tliis motor 
is, in our opinion, as great, as its peculiar mechanical action is elegant.” 

A steam-engine, to which much attention has Iwen directed of late, is 
that known as Simpson and Shipton’s lificiprocating Steam-Engine. To 
an arrangement of parts of simplicity in detail, it adds the novelty of a 
movement remarkable for its originality. Although in many respects re- 
sembling at first sight an engine of the rotfitory plan, it is nevertheless a 
reciprocating engine, only differing, in the words of the inventors, from 
the ordinary engine in the means adoptcnl for obtaining tlie revolving 
motion direct out of the rectilinear, the principle through which jiower is 
obtained being the same as in the ordinary reciprocating engine; a piston 
acted upon by steam lieiug propelled in a rectilinear direction in a cylinder 
or steam-chamber, which, in tlie present cast*, is stjuare or rectangular 
instead of circular, tlie germ of the engine l>cing “ an eccentric revolving 
in its own diameter;” and which is, in fact, the piston and crank combined 
in one body ; this having in itself two distinct motions, rectilinear and 
revolving. The following is derived from the inven- 


tors, descriptive of the principle and arrangement of 
the engine. In fig. 130 suppose a to be a crank filled 
up completely between the ’sides of the steam-chamlicr 
e/; when steam is admitted above the crank a, as 
^own by the arrows, it moves into the position shown 
by b; in that petition, however, it will be observed 
that the crank will be too short to fill up the cham- 
ber, and the steam would consequently rush past it to 
the lower part of the chamber; It therefore becomes 
necessary to change the form of the crank, making 
it iodi that, at every positioa, the space between e f 
vmj be filled up ; this fi»rm resolvea itself into the 
with the tiuA or axle c passing throu gh 
atm this » ifaerefim m 



fig. 130. 

it out of the eqah^ 
ten steam 13 
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Id «c!t cte its sur^fwe, it is |>ropdled into tlie dotted |Midtk»i I t*/ 

{root its being eccentric, a revolviiig motion is obtained during its jpro 



fig. 13i. 


pulsion. In fig. 131 is a transverse fsection, and in fig. 132 a longitU'* 
oinal section, showing the arrangements by which this principle is carried 



:f fig. 192. 

oni a is tlii steam-eliamb^ or cylinder; h the mstcmi kmd on 
lo fibe sha^r c^ and oarried on the rods ff, Ytbmtiiig nmi llie 
iliall pedoip^ TIdB 






■.mi tro timed oodbil sealiiigs, in wHieh are filled linge of metal ktf 
mt open on one side, lesTing a lap-joint to ineraat escape of steam, 
llieee rings aie capable of l3^ng adjusted by Mts passing tbrongh tbe 
ride plates and are ibus easily i^osted. The cranks are keyed 
on the shaft at right angles to each ol^er, equidistant fh>m a line drawn 
through centre of shaft and centre of piston; these cranks convey the 
power to the lower cranks, 1 1 , by rods or drag-links h h. The vibrating 
rods // are carried on the pedestal jj. The ends of the cylinder a do 
not require to be bored, as the whole wear takes place on the plates d and s. 
The plate e is dovetailed in and fitted &st ; dy being loose in its parallel 
recess, which allows it to follow up the piston as it wears ; the plate d is kept 
up to the face of the piston by springs beliind it, or by admitting steam into 
the recess at the back of it. This plate serves another useM purpose ; 
this is the prevention of priming in the cylinder : as tlie water increases in 
the cylinder, it forces back the plate, and rushes from one side of the piston 
until it escapes. Steam is admitted to act on the piston by means of a 
valve n through the steam-jwrts m w, open to the top and bottom of the 
piston alternately ; the valve is worked by an eccentric o keyed on the 
crank-shafr p. Tliis valve is on the equilibrum principle, and exhausts 
through the back, and works between two parallel planed surfaces; the 
wear that takes place being accommodated by a ring of metal o, similar to 
that employed for packing the piston. This form of engine is being em- 
ployed in numerous instances, and with marked economical effect. 

As the concluding portion of the present division of our treatise, we 
propose briefly describing the principles of action of two varieties of engine 
which have b^n successfully introduced into practice ; these are the ** Cam- 
brian” and the ** Disc Engine.” 

In the Cambrian engine the piston has 
a semi-rotatory motion given to it by the 
following arrangement: Let a a, fig. 183, 
be the external casing or cylinder ; c b the 
arms of a piston vibrating on the axle d ; 
the steam space is divided into compart- 
ments by the triangular abutments t f ; the 
pipe g admits steam to the compartment m, 
and h into s ; the steam is exhausted 
through 0 , By passages cut in the piston- 
shafl, diagonally, as ia a;; sleam is admit- 
ted from the space $ into t, and from the 
space m into n. The steam, on being admitted to one of the spaces, as m, 
passes into the opposite space n, and thus presses on both ends of the piston 
b and c, but on opposite sides ; the strain on the working parts is by this 
arrangement much reduced. By this pressure on the alternate sides of 
the piston a reciprocating motion is produced in the piston-shafr dj which 
is communicated to the mank-shafr in the usual manner. A huge number 
oi engines on this prindple have he&a succewfrtlly introduced. 

iSbe movement of the ^ disc engine” is veiy peculiar; the most lurid 
expMricm ci its principle we have met with is that given by a practical 
sr,” himsrif a weU-biown and able inventor, in the |Mig 0 s of the 
SOT. We here ^»peiid it; ^ The vessel in wMcb the pi^on 
r fixed leripieni fiar m aetkm of the steam^is the seolton of # keBew 





alter tiro eqmloppodte wegpm^wmmt^ 
m^thb if ftted ibe mitoii, called firom hs foam Mm peoabar marmtem a dm. 
pitamivofdie dmcobcidesi^ tbat of the apbere; and as its diametisr 
is #qiial to that of the inside of die sptefre, it can hare no direct morement 
like the common engine piston; but it tnaj perform an osdllatorf motson, 
fndt as a top or a teetotum describes when their spinning fence is neaHjr 




exhausted; tliat is to say, each point in the periphery successively dips; and 
the lowest point seems to proceed round the periphery, though the^ need 
not necessfiuily be (nor is there in this engine) any absolute rotation. Like 
a wave each point in the disc in its turn rises and falls ; and like the wave 
also, there is no onward motion. To understand the action more perfectly, 
we refer to Uie following ditigrani (fig. 1 34 ) : a aib the spherical case we have 
described, is the disc, and c a ball concentric with tlie axis d; c / are two 
conical covers, ^ is a crank, into which the end of the axis d is inserted. 
If the crank bo now turned round, it will be seen that every part of the 
disc t will successively be brought into contact with the cones at two op- 
posite radial Hues; but the rotation of the axis of the crank need not 
necessarily cause the disc to perform any other than the oscillatory one 
we have aesoiibed, and, as we have said, it cannot do so. There is a slot 
in the disc thus (fig. 185), and there is a partition in the engine extending 
fhim the emtside to the Imll and fitting the two cones. When we turn the 
two cranks, tlierefore, the oscIUatory motion will be performed by the disc 
and axis, the side of the slot rubbing up and down on the surface of the 
partition.’’ It is difiicult to describe the way in which the disc receives the 
effort of the steam ; but it may be sufiicient to state, tlmt the struggle or force 
of the steam to enter and escape, passing through an entrance tn^e in one 
of the conical covers on one side of the partition to the exit-pipe placed on 
the other side of the partition, forces the disc partially round, a^ acting on 
the ball c, makes the lever d rise and fall in the direction of the arrows, 
and thus communicates motion to the crank 

The fiirst patent for the disc-engine was taken out by a Mr. Thkepue 
in 1880. His engine was not, however, put in practice. Henry Davies 
wis the next inventor who lamed his attention to this engiiie. He 
Uxk out three patents, each cmnbining sucoesiave improvmenta in ^ 
fMetten, hli last patent btdng taken out iu 1844 , in wteoh his improvenimifii 
twoildk^thAirngiiie expansively. He iniitebeed a 



^ \mp xpfmmm in ibe deteilt of tlui angiiie; indeed be mj with eU 
tcmed he isventor. In tbk ibmi tsi engine, in order to ineure 
ibe ntmoet effidencj of worldiig, il is neoesseir that ^e contact between 
^ mixikcm of the conical ends and the sides of the disc should be as per* 
Ibct as pomible, to prerent the passage of the steam b^ween the suriaoes 
of the plate or disc and the cones. To make this more pedect, Ihivies 
iormed a series of ribs or cogs on each side of the disc, radiating the 
central ball to the outside of disc, and a similar series of cogs in the interior 
sttriaoes of the conical ends ; these cogs on the disc and cones being so 
arranged that they work into one another like the teeth of pinions, the cogs 
being ground so as to insure as perfect contact as possible. He fitted Up 
the sides of the slot in the disc with metallic pacing, making them rub on 
the sides of the partition ; by tlvis arrangement he was enabl^ to work the 
engine expansively. The ^sc engine, as thus improved by Davies, was 
carried into practice pretty extensively, and a company was formed at 
Birmingham for introducing it on a large scale. From some cause this 
company ceased soon to exist, and the disc engine fell into comparative 
obsewty, until Mr. Bishopp, in 1844, introdu^ a variety of improve- 
ments, and, aided by the admirable mechanical resources of eminent ^gi- 
neering fir^ he has succeeded in placing it in a comparatively high posi- 
tion among economical and compactly working engines. Mr, Bishopp has 
dispensed with the cogs or ribs on the disc and cones, and substituted a 
series of strips of metallic packing, forced outwards in contact with the 
face of the disc, which is quite plain in its surface, by a series of springs. 
To insure the perfect action of the sides of the slot in the disc against ^ 
partitioD, Mr. Bishopp adopts a semicircular bow which extends over the 
eugine, its two extremities being attached to the opposite ends of the axis. 
A pin is carried by the bow, a rectangular truss being attached to this pin, 
and moving from side to side in a groove made in the outside of tlie engine, 
and which groove is concordant with the plane of the partition. By this 
arrangement, the centre line of the slot in the disc always moves in the 
same plane; Uie packing presses equally on the face of the partition, and 
any degree of expansion used as may be required. Thus improved, these 
engines,” remarks an authority, ** are now no longer experimental. They 
have adopted (1851) in about fifty cases, and are found to be botn 
economical and durable.” We have before us both the reports of Messrs. 
Terrey and Parkes, both of whom pronounce in their fiivour. Mr. Terrey, 
alluding to stone comparative experiments made at Lewisham with a disc 
enpine, and one erecl^ by Messrs. Penn and Bon, states that he is of 
optnion, Iran what he has seen of the improved disc engines, that their 
pmfomiaiioe Is aqual to that of the best engines of the construction in com- 
mon in fte like conditions of pressure of steam and extent of expan- 
sive aetkm. Mr. Parkes reports a considerable economy in AusL 



CHAPTER V. 

njJhWAT 

PftEVious to describing the modem mechanism of the locomotive engine, so 
called jHtr ixeeHence^ in contradistinctioQ to the steam-oarriage for common 
roads, which properly is also entitled to the disdnctive appellation of 
locomotive, we propose giving a rapid sketch of the history of its introdne- 
lion, and a notice here and there of the most striking of the machines 
fhom time to time introduced, ending in the comparatively perlect machine 
now in daily use on our railways. We must premise, hcwever, that the 
nature of our treatise does not admit of our going into the histoiy of the 
introduction of railways, or an explanation of their construction $ it is 
with the engine, its histoiy and construction, that we have alone to deal. 
The subject of railways belongs more exclusively to the treatise on civil 
and mechanical engineering,** and which may hereaAer be added to the 
series of works of which the present forms a part 

It is difficult to decide to whom the honour is due of having suggested 
the use of the steam-engine for the purpose of propelling carriages. Savery 
hints at its use in this way, at least he considered that it was possible to 
apply it Dr. Robison, the gentleman who was the means of directing the 
attention of Walt to the steam-engine, “ threw out the idea of applying the 
power of the steam-engine to the moving of wheel -carriages ;** but other 
occupations withdrew his attention from the subject, and nothing fbrtiier 
wii eifected. In the patent taken out by Watt in 1784, be described 
the application of tlie steam-engine to the propulsion of carriages. The 
boiler of this apparatus he proposed should be made of tvoodm staves joined 
together, and fastened with iron hoops like a cask. The furnace to be of 
iron, and placed in the midst of the boiler, so as to be surrounded on every 
side with water. The boiler was to be placed on a carriage, the wheels of 
which were to receive their motion fn»m a piston working in a cylinder ; 
the reciprocating motion being converted into a rotatory one by toothed 
wheels revolving with a sun and planet motion, and producing the required 
velocity by a common series of wheels and pinions. By means of two systems 
of whiiel- work differing in their projxjrtion, he propoeed to adapt the power 
of the machine to the varied resistance it might have to overcome from the 
state of the road. A carriage for ttoo persons mighty he thought, be moved 
with a cylinder of seven inches in diameter, when tibe piston had a stroke 
of one mot, and made rix^ strokes per minute. Watt, however, never 
built a steam-carriage.” ouch is the account given by <nie authority. 
Another, however, affirms that Watt did at least construct a model, of 
whkh we give a diagram in tig. 136, iUustraiive of its oonstructioii; and 
further states, that Messrs. Bolum and Watt constructed a steam-camige, 
wlddb was m^e to run on the roads of Cornwall in the years 1785«lf8^ 
We are, hosrever, inelined to think that the modd of the locomotive 
eaniage,as Imte attributed to Watt, and whidi tbs writer stalea was mada 
by Mr. Murdoch, Watt*s assistant, was not only made hf him, but owed 
its etealloii to ^ Inventive gtmius of Murdoch himself la a Hfe tu* Ido- 
griqdiloal alMt^ of Murdoehi read aoiiie two yeate lasMteidOn 
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moM af a staaBHoaitiaga wliile Toiidiiig at Bedmt^ in GorawaU^ ai^ the 

datailt aad geiiend amagexaent of which reaemUas thoae ia ihiO diagtMa 



fig. IS6. 

now given very cloaely. Leaving Uus matter to be decided by more compe- 
tent authorities) we hasten to the other joints of the present division. 

Another claimant for the honour of having introduced the first steam- 
carriage is the celebrated William Symington, the engineer now acknowledged 
to be the first introducer of a practically* working steamlnait. As early as 
1784) it occurred to him that steam might be applied to the propulsion of 



fif. 136«. 

eaniages. He commenced experimentt) with a view of perfecting the ideal 
aiod in l7S6t sohmitted to the inspection of the pro^stuon, and odiir 
a^tiSe getttknieii 4^ Ediabtui^, a working model of a steam-carriiieR 
gave inch of practicabiUty, that he was urg^ to tmrrjr 
ntjdliiiie ifl^ practice. 8^ however, were the difikti^ to be 

hi imei he ocmisaeoiioii^y his f(iru|dei to Ihoee i^iedpepe 




wammtmimai 


to iui liim ia tbe matter, adrmng tibem not to fvroeaefl !i5 

figi 186 n we give a lateral of ^e eteanHcanrii^ model as eonatnu^ 

d the cylinder; e, boiler, nspplied from ikke oondeai^; ffi: 
dmotioa ^Qeys ; g, condenser ; 1, stmim-pipe ; t, water*tank ; a, dnm 
ftxed on m hind axle; 6, tooth and rstch^whedis; c^rack-rods, one on 
eaoh side of the dram, the alteniate action of whick upon the teeth and 
ratehet-whecds produces the rotatory motion. 



In a previous chapter, we described the high-pressure engine patented 
by Messrs. Trevethick and Vivian; in the patent they claimed its employ- 
ment in “ pro{>eUing wheel-carriages of every description.” In 1804, Mr. 
Trevethick set an engine to work on a very indifferent railroad at Merthyr 
Tydvil Colliery, in Wales; this worked very satisfactorily, and up to 1880 
or 1881, it was the form which, more or less modified, was working the 
railroads on which steam was employed. ** The advantages,” says Treve- 
thick in his evidence before the Committee of the House of Commons on 
carriages for common roads, ** gained by this improvement, were a detached 
engine, independent of all fixtures, working with five times the power of 
Bolton and Watt’s engine, without condensing water, and the fire enclosed 
in the boiler surrounded with water, and a force-draught created ly the 
steam for the ptirpose of working on the roads without a high chimney; 
and iVom this was copied all the boilers for navigation-engines, which with- 
out could not have h&m available, this being indepeDdent of brick-work, 
light, safe from fire, wad occupying little room.” The following is a 
description of this engine; the boiler is cylindrkal, as a a, fig. 137 ; 8is 
the fire-place ; « the fire-door ; c the entrance of the fine, which is tamed 
before entering the chimney. By this arrangement the economy of fbel 
efibetod was vexy considerable, die greater portion of the heat being gbreii 
out by the furnace and fiue to the water surroonding thW The ww 
part of the cylinder was placed within the boiler, as at and the mpper 
prnlton was sarroanded by a jacket, in the space between which and ^ 
cylinder the steam from ihe boiler was allowed to circulate fieely ; Ilia 
Im of steam firom condensation was by this means obviated. The steam 
was admitted above and below the piston by the fimr-way cock ahewftfy 
demribed ; and aftwr worldng the pistt^ instead d passiag it to 
alxiimphere>it was led by a pipe to the ohimn^. By this arm^ssmenl 
diaimt of the Aumaoe was gteally inoieatedy and a ootereiiisiil ma an a 
e stami ihadtrffett^ rid of Hie waste steaim Bed thii plan bean 




'tJkM {Moit<*Tod Itttd m cm»*4iead attached to it^ a» ld8| eliding In 
||ie jpiurallal 'gvddei attached to the upper end pt uie c^ltikderY and. 
kfeM&d bj a ataj aa at ftem both ends of this crosa^kead comieetiiig* 
rods d prooeedao, and were c(mnected to the erank s^ daed on die 
gentle ^ of the ^Ttng^wheel a; the axis of 
9m driting-wheel passing with the carriage, 

^ immediately breath the cylindei^^ The 
brimspie of thu arrangement is shdwn in fig. 
pfil, p. 79, Mechames and Mechanism, This 
kngine, on its first trial, in which the propulsion 
aas effected hj the adhesion of the wheels on 
die rails, drew ten tons of bar-iron, besides the 
carriages, for nine miles, at the rate of five miles 
in hour, without stopping, and carrying its 
heavy load of fuel and water. 

We have now to notice the ingenious me- 
dianism introduced to obviate an inconvenience 
in engine propulsion which only existed in 
[maginstion. with reference to this point, Dr. 

Lardner remarks : is a singular fact, 

that in die history of this invention, consicler- 
ible dme and great ingenuity were vainly ex- 
pended in attempting to overcome a difficulty, 
rhich in the end turned out to be purely ima- 

5 *iiary. To comprehend distinctly the manner 
which a wheel-carriage is propelled by steam, 
lUppose that a pin or handle is attached to the 
Ippoke of the wheel at some distance from its 
totre; and that a force is applied to Uiis pin in 
inch a manner, as to make the wheel revolve; if 
lie fiice of the wheel and the surface of the road 
jfcere absolutely srocxith and free from friction, so that the face of the wheel 
lould slide without resistance upon die road, dieti the effect of this force, 
|ttis applied, would be merely to cause the wheel to turn roun^ ; the 

r iage being stationary, die surface of die wheel would slide or slip upon 
rcid as the wheel is made to revolve. But if, on the other hand, the 
pressure of the face of the wheel upon the road is such as to produce between 
hemattch a degree of adhesiou as will render it impossible for die wheel to 
pde or dip upon the road by the force which is applied to it, die conse- 
"Senoe will be, that the wheel will roU g|ion the road, and the carriage will 
1 mved forward through a distance equal to the circumference of the wheel 
time it performs a complete revolution. It is obvious that both of 
( effects may be partially produced; the adheskm of the wheel to the 
I may be i n auflkae nt to prevent stopping altogether, and yet It may be 
to prermit the wh^ from slipping as fast as it revolves. Under 
tfik otfeumstaneef t^ carriage would advance, and the wheel would slips, 
lie progressive motion of the aurmgtt during one complete revoludoo of 
IMS whom would be equal to the difference between the complete dreum- 
lenoe of the wheel and die portaon thremgh which, in ofic revoluden, ll 
Mi alkped When the coammotioa of traveling steatii^«ii|puaes fofd 
tgod ihi ettendoti «f eogfaseei^ and for e eonddlscnhie perm alfoiiaaifoh 
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imfmmd ttpon llicdr tiuil die edliedet MirM d^- 
iliei of wheei end the etirface of the Toad must ueeemrily be of*^ 
vei^ anHiE amount ; and that, in erery |naetical case, the wheels thfhs^ 
would either slip alt<^thm*, ami produce no adrahee of die 
eaniage, or that a considerable portioa of tm impeBing jiower would bo^ 
lost by the partial slipping or sliding of the wheels. It is singular that it^ 
dumld never have occorr^ to the many ingenious persons, who for several 
years were engaged in such experiments and spem^tkms, to ascertain by 
experiment the actual amount of adhesiim in any particular case between 
the wheels and the road. Had they done so, we should probably now ' 
have found locomotive engines in a more advanced state than that to 
which they have attained.’* 

Space will not allow of our illustrating all the mechanisms introduced 
to obviate this imaginary difficulty, — indeed, this, for the purposes of our 
treatise, is not at all necessary ; — we shall merely glance at the nature of 
a few of the most ingenious of these. Trevethick and Vivian, in their 
patent, claimed the plan of making, in certain coBts, the external peri^ery 
of the driving-wheels “ uneven, by projecting heads of nails, or bolts, or ., 
cross grooves, or fittings to railroadi when required ; and that m cases ofi 
hard puU we cause a lever bdt, or claw, to project through the rim of one 
or both of the said iriieels, so as to take a hold of the ground.” But, so far 
from adopting these contrivances at all times and under all circumstances^'^ 
as a means of overcoming the imaginary difficulty before alluded to, they 
on the contraiy expressly stated, that “ in geneatil the ordinary struetum 
or figure of the external surface of these (the driving) wheels will be feuud 
to answer the intended purpose.” 

In 1811 Mr. Blenkinsop patented certain mechanical means, by which 
the conveyance of coals, minerals, and other articles is facilitated, and the 
expense attending the same rendered less than heretofore” In this ar« 
rangement, a rack or tootlied rail was laid down along one side of the 
railway; into the teeth of this rack a large tootiied wheel worked^" 
this receiving a circular motion from a steam-engine ; the boiler and en<*^ 
gine working tliis being supported by a frame on four wheels. By thii ' 
means (he engine was pull^ along the rails, and was enabled to ascend 
gradients of considerable incline. The boiler was placed on a wooden or ^ 
cast-iron feame ; tlirough the interior of tlie boiler a large tube was passe<i^ ; 
containing the fbmace; this tube was continued through the other end. 


and bent upwards to form the chimney*^ 
Two cylinders were placed at the top cd'A 
^ i\ the Jailer, and the pistons were emmectedf 

i\\ by woas-heads and connecting-rods, /, e, 

« *'* \\ ^ cranks, c, d, fasu»«d in the 

^ ^ ^ toothed wheels represented bj| 

^ e dotted cirdies. These worked intoalatgl 

wheel placed in the inside of iSl 
tagged wheel a; the cogs in ffiis sMUnf 
^ into the teeffi or oogejplaoed aioog one siii^ 

> i^the railway h k 1%e wee loHii 

need cm tlmluddlelon CkdHeiy 

Xhe wme fe rwaid e d by the p et ewt i w U S| 
two mtjMach tybaimt Hm eieil^ 



tuo^irds * handredw^hil of ooi]i» and fifty galloitt 
of mtir por hour; diowa twea^'^ven w«goiii» weighiog 

on o Imiy at tlizoe aad a lialf milee par Imw; or fifteen toot 
aa aaoeot of livo iiiohes in tho yard ; when * lightiy loadad’ it IriTels 
tan milat an honri does the work of aixteea korsea in twelyo^ hoimi and 
eoeta dOOf 

We now apfKroach the period at which two men appeared in the arena 
«f inraition ; men who^ up to Uie period of their dem, were intimately 
with railway meohaniflin, and who were desti n ed, daring long 
and actiye lives, to be the means of introducing improvements in this branoh 
of eogineeringt so effective as to cause quite a revolution ia the art of tra* 
velliog; these men are the well-known George Stephenson and Timothy 
Hackworth. To the former we are indebted for the system of railways 
as now established ; to- the latter nearly all the itiq>rovements in the looo- 
motiye which formed it the powerful and effective machine vre now see ity, 
owed their origin* And in thus paying to Haokworth part of the tribute 
of praise which has hitherto been nearly always allotted to Stephenson, we 
W no means detract from the high praise due by the world to the latter. 
Whatever may have been the improvements effect^ in the locomotive aa a* 
distinet mechanism, it never could hare arrived at the height of its present 
efficiency as ** a space- and Ume annihilator,*^ had not the improvenieuta uu 
the ** iron way ** been simultaneously effected. Witliout the improved 
system of rails introduced by Stephenson, the locomotive engine would, 
have been comparatively lUMdcss ; and without the speed attained by the 
improved locomotive, the improved system of raib would have been so 
commercially unrcmunerative as to have been altogether set aside. These 
were the elements of high velocity, each of which formed the absolute 
condition of the existence of the other.*’ ** 1 am, 1 think, safe in saying,*^ 
remarks Mr. Scott liussell, in his eulogium on George Stephenson, ** tliat 
the wrought-iron railroad (Stcphensoo*s) was essenti^y dependent on the 
locomotive engine. But that the modem locomotive engine could not sub- 
sist without tlm wrought-iron rail, and its multifarious appendages of cliains, 
ke^t, locks, sleepers, switches, crossings, sidings, and turn-tables, is too 
erideot to need proof. Without the smoothness of the rail, the engine 
would be jolted to pieces ; and without the easy motion which it givesy the 
e n gi ne oouki not be made to draw a iufhdenily profitable load to pay ; and 
fttrther, unless made of wrought-iron, it would be impossible to attain the 
high speed of the locomotive without imminent danger. It therefore ap* 
pears, that the continuous wrougbt-iron railway and the locomotive engine 
yrure inventions intkuately related to each other, and each a condition of 
each other*# success. To Btephenson ws are indebted for the ohisf features 
of improvement in both. It was the joint perfection of the road and the 
e n gine which created the Liverpool and Manchester line, and ail the pro- 
geny of that wonderful and gigantic experiment, an experiment wmee 
^^ompl^ success now bears incontrovertible tesUmon^ to the genius of 
Ihe man.** Histsaioal evidence,, recently made public, proves most da- 
iid s d J y ftiat to the Inventive gemns of Timothy H^kworlh the locomotive 
owed nearly all the imprormenU which made it an efficient ma- 
in^noveoieiilfi too^ d fe et e d at a tame when every thii^ had to be 
, inde^ ss^pmem were utterly thrmra upm tbeir oww 
llPPire sS p* 13iqs» who are desinMis to enter ank> an 
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poiiit^ laid to bg made aware of tlie extent to wliioli Stefdieorai was ixh 
aebted to the abilify and experience of Haekwoitb in locoinotive meoban- 
iiin, fthould read t^ article an the Fracticai M€Ghmm^$ Journal^ p. 4^, 
▼oi Hi. 16^-1, entitled ^ A Chapter in the HistorY of Bailwaj Locomo- 
tion,*’ and the ^ Memoir,** p. 225, same volume. We think that an un- 
prejudiced perusal of these interesting papers will induce the reader to 
coincide, vrith the opinions of the writer as therein expressed. “ If Gemge 
, Stephenson dcserv^ the title of the * Father of Railways,’ we think we 
may at least claim for Timothy Hackwortii that of the * Father of Loco- 
motives.’ ” 

In 1814 George Stephenson constructed a locomotive, Lord Havens- 
wortlj, of the Killingworth Colliery, having assisted Stephenson with money 
to conduct his experiments. This was tried on a tram-way at Killing- 
worth. In 1615, in conjunction with another par^, he took out a patent 
for " various improvements in locomotives.” In this engine two cylinders 
were used, one at each end ; the connecting-rods were attached to pins on 
a spoke of the wheels ; they were placed at right angles to each other ; 
by this means the motion was rendered continuous, one crank or pin re- 
ceiving the full leverage of the connecting-rod while ithe other was at its 
dead point A toothed wheel was placed on each axle inside the wheels, 
and round the two wlioels a peculiar kiml of endless chain was stretched 

(see p. 50, Mechanics and Meckamsm)^ 
this chain was so constructed as to fur- 
nish a serk^s of rectangular apertures, 
into which tite cogs in the toothed wheels 
entered ; by this arrangement, as the 
wheels revolved tlie chain was passed 
along, and one wheel could not revolve 
without tiie other; the relative positions 
of the cranks or pins (namely at right 
angles) was thus preserved. In the y<!ar 
1810 he took a patent, in oonjunctiou 
with Mr. Losh, which embodied many of 
his notable improvements in the con- 
struction of railways. In this patent 
one claim having reference to the con- 
struction of locomotives was ineladedt 
this was a very mgenioos method of ^ 8iis-| 
taining the weight, or part of the weight|| 
of the en^ne upon pistons iiiovabl«| 
within cylinders, into which the steaul^ 
or the water of the boiler is allowed toj 
enter, in order to press upon such pla^ 
tons, and which pistons are, by the interJ 
Tentioa of levers and ooonecling-nc^* 
made to bear upon the axles of 
wlieels of the carriage upon wliieh 
engine rests.” In 140 we a In 
verse aeolion, exhibitii^ the imj^vements here in^tiocied, and the 
nihgeineiit of fte parts of tibe engine at this periodL Tim hdder is mnni 
5, the internal totwoe; e» tho iStm or chim^; 4 the cflindsri 
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ismt 4 iai^ of OHO pislODi at the dbad point of ihe tmn df the erank ; / 
lhai at the kmage ; gg^ &e piston croas-^head ^ the con* 

iwctuag^^fods ; 1 1, the driTing'Vheehi, nmnina on the &h«b^ed edge-ndl| 
one of the Imprcnremeuta in railwaja included in the patent ; hf the toothed 
wheel and etabesa chain ; m m, the cjhnders and pbtons for acting on the 
wiktt m ahead j described. 

Ei^^inea on this plan were introduced by Stephenson on the KiHing* 
wordi and on the Hetton Colliery Railway ; and although evei^ exertion 
waa made by him to render them efficient and economical, and to get them 
into nae on the different railways which be^n at that time to be fbnned, 
it is the opinion of competent authorities that they did not possess “ those 
adrantaM which the inventor had anticipated.*' 

On me 27A of September, 1825, the Stockton and Darlington line of 
railway, twenty-five miles long, waa opened for public traffic. Twenty 
miles of tliis was worked by locomotives and horses, the powers of each 
being put thus in close competition. At this curly period of the history of 
a line of railway, the first evt*r laid down on the improved principles as 
introdneed by Stephenson, and which formed the nucleus of the nulway 
system, the locomotives employed on it were five in number, four having 
h$m r^ofactured by Messrs. Stephenson at their factory at New'castle, 
and one by Mr. Wilfwn of the same towm. Such, however, was thrnr 
iiiefficieitt working condition, that the power of steam was al>out to be 
abandoned, and the railway conducted by homes. Timothy Hackworth, 
to whom we have before alluded, and who, through the intcJrvontion of 
George Stephenson, had been appointed managc*r of the working depart- 
ment of the railway, stepped forward at this critical juncture, and proposed 
to constnict an engine capable of working the* line to the extent already 
mentioned. His offer was accepted, and he forthwith l)€^n his oj)erationt. 
The boilia* of the engine made by Wilson, ainjady alluded to, was taken as 
the boiler of the new machine. “ This Ixnler wtw a plain cylinder,*’ says 
the account from which we quote, in the Prtuiimt Aft^HantPa Jmmat^ 
^thirteen feet in length, and four feet five inches diameter. The heating 
surface was obtained from a double tul>e of malleable iron in the form of 
the letter W, traversing the whole length of the boiler. One side of this 
tobe was made available for the fire-grate, and the healed vapour being 
passed through it was returned by the opposite one to the chimney, which 
was actually a vertical continuation of this end. With this contrivance 
the engine nad a heating sur&ce double that of any other engine of its 
tamk* She was carried on six four-feet wheels, four of them bei^ spring- 
mounled, and was the earliest of the six-wheel couplfri class. The cylin- 
ders, elevea inches in diameter and twenty inches stroke, were placed ver- 
rically al what is now the smoke-box end of the engine, and worked 
directly U|jon die first pair of wheela At the same end was attached a 
malleable iron ctstem, into which the water passed from the tank previous 
to bring introduced into the boiler, the driver having the power of r^ru- 
l a tio g m iap|dy ; and a |dpe from steam-exhaust was led into me 
rialivn fbr the purpose of ad^tting steam at pleasure to heat the water* 
Jkmgim |dpe was provided ffir the purpose of leading ofiT a steam-jet from 
tlie exhaust-psfw at the chfnimy ero m discharge beneaffi the grate ; ihg 
btedioii hri^ to fissihate die oombustioa. In addition to its h^pg 
ori|^ cim&m cfmigftm haw m imiiinemlY diis ek^ghie wiis me friit 
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iiiiicib ikA i bla«t-p(^ fittied to it, the irhofe of the eadima^ stettm, 
iitt «ii9^ a poruon as was required for tiie purpooes before alluded tQ|| 
hmng otmrtjed into the centre of the chimnej, then thrown oitt in a 
ttom a comcalp^*' Trevethick led bit waste steam to the chimney by a 
a |4pe, no conicd or blast-pipe being used to send it np the chimney in 
the form of a jet, Althoo^ Trerewck, before a committee of the House 
Commons, claimed the nse of the waste steam passing into the chimney 
as a means of quickening the draught, one wrriter on locomotive ei^^uieer* 
ing states, that he had ** no intention or expectation of improving the draught 
of the chimney thereby.** How this holds with the fact it is now difficult 
to determine ; but to return. The engine thus constructed by Hackworffi 
was named the ** Royal Greorge,** and commenced running in October 1827. 
The following statement affords an evidence of its power as compared with 
that of horses, with which it competed. The cost of the engine was 425^. ; in 
one year (1828) she conveyed over twaity miles 22,442 tons, at a cost of, 
including all repairs, and maintenance, and interest on such capital at 10 per 
cent, one farthing per mile : ** an economy in working which is rarely ex- 
ceeded at the present day.** The cost of th6 same work performed by the 
horses was 9981. ; thus showing a difference of 5321. in favour of the engine 
over the animal power. ** The points in the improvement,** says thi same 
writer, ** in the * Royal George* which conduced to this important result, 
evidencing not only her great superiority over her compeers, but the vast 
resources of the imperfectly developed locomotive system, were simply these : 
the increased evaporative surface of the boiler ; the peifect command over 
heavy loads in all states of the weather, by reason of the superior tractive 
adhesion derived from the six-coupled wheels; and the introduction of the 
blast-pipe, an invention which alone will carry down the name of Hack- 
worth to future ages in connexion witli early locomotive history. Up to 
the period of which we write, no really efficient locomotive was in use, as 
the steam pressure invariably fell, in spite of the best efforts of the driver; 
and the superiority of the * jl^yal George' in this respect alone at once ele- 
yated it far above its contemporaries, for it was capable of maintaining a^ 
speed of nine miles per hour throughout its nin of twenty miles.** Hay- 
worth introduced other improvements in this engine, as the short-stroke 
force-pump, and the substitution of the adjustible springs to act on the 
safety-valves instead of weights. 

We now approach that period in the history of steam locomotion at 
which the great impetus was given to the perfection of the engine. We 
allude to the opening of the liveipool and Manchester Railway in 1880* 
In considering tne means to be used for working the line, the choioe of the 
directors lay between the employment of statimuoy steam-engines and 
looomotiTet. It is unnecessary hm to enter into d^dl mb to the invesli^ 
gidons which the company domed requisite to be instituted in erdmr to 
asoerlatn the most efficient and econ m ical method of working the Mm | 
suffioe it to state that, in opposition to the Report of the engiiieem ap« 
pointed to investigate the matter, Messrs. Rastriok and Wallw, who m* 
oommeaded stationary engines, t^ directors ultimately leedved to adopt 
koomoUve power ; m oAwed ior the best mgiiie n prine of 5501^10 be 
dtoidedl^npttbliooooqpatili^ Itisgimeswltyiitidsfsiyd^atll^ 
of Soberl Stsphonson in fitvonr of in dtvw wl fiat dmeetose Its 

ldopllhl»|^Q)|»er$ imdilkiMtiiltgdeiofaakoiy tolhegie^ 
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to gMo lluit It appom Im mm much in^litod to TSmoAgf 
Aidkvordi for a wiatj of acrnnd pnotioal mikimMtkkLi ixnii^f Baok*** 
mttii mm the only pereea at this period who had aaj th^ Jlflte a praod* 
oal koowlei^ of m whole bearings of the case. 

In oflifu^ the above reward for the best locomotive, the direotore 
made the ^dlowing stipulatioiis : the en^e was to consume its own smoke ; 
to be ci^ble of drawing alter it three times its own weight at tm miU» on 
hear, aim have not exceeding 50 lbs. pressure upon the square inch on the 
boiler ; two safetj-valves, one locked up ; en^e and Imiler to be sup-* 
ported on wrings, and rest on six wheris if it should exceed four and a 
wf tons ; height to top of chimney not more than fifteen feet ; weight, 
inoluding water in boiler, not to exceed six tons, but preferred if of less 
woght ; boiler, dec. prov^ to bear three times its worlung pressure^ and 
pressure-gauge provided ; cost of machine to be not more tli^ 5501.** The 
lowing is a description of the public trial of the competing engines : 
The Ihicket,** constructed by (Jeorge Stephenson, and of which we give a 
r^iresentation in fig. 141, weighed 4 tons 5 owt., and the tender, with water 



fig. 141. 


and coke, 8 tons 4 cwt. 2 lbs. ; it had two loaded murriages attached, 
wesgbing 9 tons 10 cwt. 8 qrs. 20 lbs., thus making the whole weight to 
be moved equal to 17 tons. The velocity attained by this engine was 
14 miles an hour, with an evaporation of 1 14 gallons per hour, and oon- 
stuttplifm of coke equal to 217 lbs. per hofor. The greatest velocity at- 
t mned was at the rate of 24J miles per hour. Tha ** Banspareil,** hr 
Timothy Hickw<^, of which we give a representation in %. 142, 
mm the next e ngine tried, ahhough from its not having been made in striol 
aeooidanoe with the specified mlM, it was scarcely competent to enter the 
Hali of oompetitkm. The weight of the engine was 4 tons 15 cwt 2 q[rs.| 
Ihe tender and water and fyd bring 8 tons 6 cwt 8 qrs. ; the ktedsdl 
earriages, thrse in number, attached to it being equal to 10 tom 19 ewt 
i q ». ; the whole weight te be moved bring eqi^ to 19 tons 2 ewt TIte 
In her ei g h t h b eca me d i sa ble d throoih tha Imd^pump beoten*** 
iaf 4 B ioriere d in ha aetten, tha Intel of the water la the bollte ghi 


and tl>a leaden ping, iduah waa need aa a aa^-vah^ gettag 
,W>4tad, an. end waa tbua pat to d>e experiment Her rate of ap^ «aa 
bffwerer aadifiwtoij, being eqnal to caaT^iag 19^ tana at fifteen imlea per 



hour. The greatest relocitj attained was 22| mDes per hour. The oon- 
sumpdon of fuel was very great in this engine, being eqnal to 692 lbs. per 
hour ; this was in consequence of the great draught induced by the steam* 
blast in the chimney. 
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The third engine, the ** Novelty," by Messrs. Biaithewaite and Eaiaaan, 
and of which ve mve a re{Heaenutiua in fig. 143, earned its own water 
and fbd, and weighed 3 tooa 1 cwt The w«ia^ of the task, water, and 
ftlt^ b«zy 16 cwt 14U)s.i the two loaded caimgea beiag 6 tons 17 eirt,} 
fihe tobd weight b(um 10 tons 14 cwt 140)0. In owMeqnanoe of aa eetasi v n 
aet at a jn the watthtg arratyements td dus en g ine , it wna wididBam 
ftom ooBywdtiatti its p s rfeia Mi be n^howavei^ warn eery la tM i Mtmy aofitr 
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4^iw^lyw> sttmed the Persereraiioe,** cooitrticted hy Mr* 

Stilly w«8 alio^teted for competition; but being unavdled to the railwayi 
wtm It oace withdmwtL »The on this intcreetiag occasion were Mr. 
Nkhoias Wo^ Mr. Rastridc, and Mr. Kennedy. The prise was awarded 
to Mr. Sti^iheiiBmi ibr his engine the ^ Rocket* 

The ** Rocket” undoubtedly owed its efficiency, at least in ai^economx- 
cal point of view, from the construction of the boiler, and the lai^ amount 
of sur^u^ which was presented to tlie action of the heated air. This was 
obtained by introducing twenty-five copper tubes, three inches diameter, 
into the interior of the boiler, at its lowest diameter ; these tubes open^ 
at one end into the space below the chinmey, and at the other into what is 
now termed the fire-box ; by this arrangement, the flame and heat^ air 
passed through the tub^ which were surrounded l^y tlie water in the 
boiler. The fiirnace or fire-place was an external box, about tliree feet 
deep and two wide; the furnace was provided with an external casing; into 
the space thus formed the water from the boiler pasoed : a large additional 
amount of headng-surfrce was also thus obtained. The boiler or flue- 
tubes — “ whidi has since proved to be the main-stay of the modem loco- 
motive” — was the invention of Mr. Henry Bootli, the secretary of tlie 
railway; a gcntlelnan ** to whom railways are indei>t«d for much of their 
praeti^ efficiency” From tlie invention not having been patented, Mr. 
Booth did not receive the great pecuniaty advantages which might other- 
wise have resulted from tliis highly vafuable improvement. We under- 
ftand, however, that he received a pecuniary reward from the directors of 
the railway on account of it. As will be seen on inspection of the diagram, 
the cylinders were placed outside the boiler, near the fire-bcot, and indued 
at an angle; and the piston-rod of which k connected with the driving- 
wheel by means of a connecting-rod. 

In the “ Sanspareir* of llackworth, the cylinders wore inverted and 
placed veitieaUy; the piston-rod cross-ln^ worked between parallel guides; 
and to the cross-bead was attached the connecting-rod which communicated 
motioii to the hind wheels; the fore and hind wheels were coupled by a 
Oonneotiiig-rod. The boiler was cylindrical, wkli the flue Mutued to the 
front, where it entered the chimney ; the fine was of eoufse entirely sur- 
rounded with water. 

The ** Novelty** possessed some arrangemmits of considerable ma*it, 
the most distinguished feature bein^ the eonstraction of the boiler snd 
lire-plaoe. This will be aoeai by an mspecrion of the diagram in fig H4: 
i is the frunace plaoed Inside the boiler, and surrounded with water; fiiel 
is supplied to the fireplace c by the tube or funnel s, passing through the 
dome of the boiler, and covered with a lid or cap. Air is forced into tho 
fire, to maintain oombnstion, by a small pair of fanners worked by the 
engine, tfarmi|^ the pipe b communicating with the arii-pit c. The 
iMsiled tdr is Ibroed aloog the series of pipss f(f to file ehlxmiey A, the 
meam space being at iL By ^ arrangement a large amount of 
heated stwffice is obtained ; me firejflace not only beii^ surremndad 
wMi water, bat fiie k»^ range of pipei fff. The peenMar arrange* 
Ineiiii of the ei^^ will be seen by the diagram in fig. lit. Mr. St epba^ 
eioii aol only obhfined the priae, but ^ appoiiitmeiit engine-maaiiiSicttttar 
to fibe oompmtf. The a tte ntkm of fmn was now devoted to fim 

^ of the mechanism of fiie loeomotive. ^ Each eogilie fiM fmld 



i&oliA from liie hxstorj mi an imjmyraociifc ^ ita 
•01% n»d &e ^ntrteen and tarentj milea of the * Bodte^ weie ndaed 
^Hy and aerraty miles; and the Newcastle ^mtory became tiie krgeet aiit|) 
most famonfl in the world,” Oth^ manafactarere entered the fidd of 
|)e^eni and the vast amoont^f ingfetrai^ and practioal experience broig ti;? 



to bear on the mechanism of the locomotive by such eminent finna aa those 
of Hawthorn and Company; Sharp, Roberta, and Company; Bury« Ouiti% 
and Kennedy ; and last, though not by any means least, of Timothy Hack- ' 
worth, soon resulted in bringing the locomotive engine to its present high '' 
state of perfection. 

We now proceed to give illustrations of locomotiYe engines, showing i 
the majority of the improved arrangements as now introduced. It is im* t 
possible to notice the whole details so fully as we should wish in a short 
treatise like the present; we hope, however, that the illustrations we give ^ 
will enable the reader pretty closely to understand the arrangements and J 
c^)eration of this beautiful machine. 

For the purposes of description, we shall divide the locomotive into ^ 
two parts^— the fire-box, smoke-box, and boiler; and the moving parts of ;i 
the engine which give motion to the whole. 

The fire-box, as may be seen by inspectiem of the Itmgitudinal sections ! 
of engines hereafter given, at cccc, fig. 147, is enclosed on all sidet except 
the Iwttom; at this part the fire-bars are placed on which the fuel rests; 
and at the side next the funnel or chimney, this side is pierced mth lick% ' 
into which are passed the smoke-tubes diL To prevent the di^maon of j 
the red-hot as^ fkom the fire, a idale-iron tray or receptacle is placed 
btmeath the fire-bars. Fire-boxes are of two kinds, square and round, aai; 
in %8» 153, 155. The round top is recommended by smne, ae btdng bed l 
aakmlated to withstand the |Nres^ of die steam. In boA nndieds of | 
oonstructioiii however, it is impmliveiy essential lo strengthen lha pgrls 
lyr numerous stays or boha* Tim &re-box door (see langiMiiiil seeRent) < 
ii double, lo|»msdkis of hesd and the outer and ismer bojmi^ 
which the water of the bmlar is allowed lo fihw, are hem join^ The 
f tow jdaoed looeety in a frame, so as eas^ |o be iiftsd oue whiu 




i«|Bind4D lift 10^^ 111 Mfme iQ^€6i fire-bar 

hf m$Am; wlm ltoM» are wifiidrami, the fire4)ar8 and fiael above them 

are molpikted into the a^*tray. 

Ibe noke-^obee are geaeially made of braasi but malleable iroe ouea 
f are aovbeooiiuiig laigely used. The number of tube! in eaoh ragine variea 
I fimm 9fi or thereaboute to 134. Great care is necessary to fit the tubes into 
I the fire>box end, and also that of the smoke-box. They must be fitted 
\ watm'-tight. The diameter of the tubes is generally about one inch ai^ a 
I hM commanication between the fire-box at one end and the smdke- 
I box ss, figs. Ifi3| 155) is kept up entirely by means of the smoke^tubes d<L 
I This is ibmed of plates of iron of the same shape externally as the fire-box. 
Access is had to the interior of the smoke-box by a door at the IVont of 
the engine ; this is made in various ways: in some instances it is hinged 
at bottom and opens downwards ; in others it is in two leaves, like ordinaiy 
fblding-doors. The smoke-tubes pass through the side of the smoke-box 
nearest the fire-box. The cylinders are in many instances placed inside 
the smoke-box; by this arrangement, the loss by radiation and oondon- 
sation of steam is avoided. The steam, after working the cylinder, is 
fleeted up the chimney through the blast-pipe k fig. 153, and ee fig. 155. 
The diameter of chimney is about 13 inches, and the height is limited 

III to about 7 feet above the boiler, to allow it to pass under the railway 
bridges. 

'The fire is moderated by a damper placed in the chimney; this is 
generally made of the ** throttle-valve'^ species, being a plain disc, an fig. 

J > 145, tumifig on an axis d somewhat out of the centre; it is provided with 
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i an aperture through which the end of the blast-pipe passes, when the 
[ damper is wkdly shut, the end of the blast-pipe piojeoting above it; the 
I damper is mov^ by the lever c, actuated on by a long lever under the 
i eontrol of the engine-man. This lever is famished with three slots, whieb 
‘ take into a rest; aeeotding as the lever rests on either of the slots, so ti 
I the opening of die draper regulated. The upper orifice of the chtmiiey if 
I eonottmes covered with a wire-netting; this is in order to arrest the spaim 
. This oontmaooe is, bowsver, fimt failing into disuse, and a perfimated iresi 
I plate is plaoed below the blast in the nixdte-box. In Ameriowi looomo* 
^ 4ivei» where wood is sxteiitivelr need ibr firing, a ** spark- arr este r^ . i» 
[adepiad t this gties a dilgree of am to the ohimn^ onusuai in kieomotivei 
[inihisooiiiitiy. lids wtU be deseiibed hereafter. 

pm water is seppUed to the UAw by means of a small fiwcoipattol^ 


mnmr ^ tn imK*WG»i^ 



worked from the piston cros8*head. The water is drawn ih»n tiie link hi 
iSm tender through a pipe properlj coQjded, by a ball-aad-«oekei joiiiti at 
liie part where engine is attached to the tender; and the water is de^ 
Hve^ to the boiler in some instances at the smoke-box end, a lit^ below 
the water-lerel; at others near ^e dre-box, and in others again near the 
oentre part of the boiler. 

Th^e are various appliances connected with the boiler. The safbty- 
valve is generally placed above ihe die-box, as in dgs. 15S-155, and is 
pressed down by a lever, the pressure being regulated by a spring balance. 
The nature of arrangements of this kind of valve is expliuned at p. 45, 
% 66 , Mechanics and Mechanism, 

Look-up safety-valves are falling into disuse, as, drum not being easily 



got at, they are apt to stick in the seat and become inoperative. In some 
engines a valve, as shown in dg. 146, is used. This is loaded a little above 
the usual pressure; this being obtained by the bent springs forcing down 
the valve into its seat. 

The contrivance known as the steam-whistle is placed on the or 
top of the dre-box ; this is shown at 5, dg. 147. The peculiar noise elkitod 
Is caused by the steam rushing up the tube hh connected with dbe bo^l 
eaid the admissbn to ndiioh is regulated hj a cock actuated upon by 4 
handle or lever within reach of engine-man. The steem passes t h rooii h 
the a p er tu re s cc and out at dd, and strikes the diin edge ss of the eii^ 
^ ^/f produobg die sound so well known now-4-days in afanOiH every 
dietliot of the kingd^ 

Ihe level of the water in the boiler is ascertained Ity gangw^Mekai 
which are fdaoed at diitoent heights to indicate dil h r e nt mvSn ai whUh 
die water stands. In add^tkn, a giats water^fiiige is mmiHimA la 
hunt osaing; the arrangemeBt Of diis appaiatns ismfdm In %. 14flL 
in oomtimiiieidkh vMi the intision of iha Imw; a o 



Am oonneoti tubes cc; the upper tiabe c oopuDwcet^ 

^ part of tbe boiler wbicb should ooutaiu steam, the lower with ihet 
water. On opening the upp^ and lower handles a a, the water 
ii^ j|^aM*tube to the same height as in the inside of the boiler. 
^Che of the water which would take place in the tube h 6, fh»n 

the rapid movement of the engine, is in some measure prevented hy making 
tke between the boiler and tube of a snudi sise* A small 

cock, as/, is jdaoed at the bottom tube, to clear the tube ofits accumulated 
water, j^tranoe is obtained to the interior of the boiler by means of a 
jnan-hole door of similar construction to that described in another and 
preceding chapter. 



fig. 149. 


The cylindeis of locomotive engines are always of the three-ported 
species, as in the diagram, fig. 149. a a the piston ; b the piston-rod ; c the 
stuffing-box; d die exhaust-peat, leading to the exhaust-pipe t; p the 
valve ; h valve-rod ; c port to upper side of piston ; /port to under side ; 
k cleansing and greasing-cook. Cocks are supplied to cylinders in some 
instances at top and bottom of cylinder ; these are opened when required 
by levers within reach of the etmine-man, to allow 
the water colieeted in the cylinders from priming 
and condensation. The steam is passed from the 
b oiler to the cylinders by a pipe, the entrance to 
which is at the upper pi^ ^ a cylindrical vessel 
0 a, %. or within the dome ; above the fire- 
hoatf as ia fig. 15fi, the entrance to the pipe is 
placed thus fisr above the watm* to prevent priming 
asimidkas possthk. The supplp of steam to the 
is lugulated hy what is termed a regu- 
Jiloe ” Tarim eoatrivaaces Ibr this purpose are 
IfiO exj^ns a fiarm nturii intro* 

Xwn mmtdm 4km wusk In ecmtac«» one «f ediish ie 




made to by a lerer ocmnaclad a^ lasIQaloi <k 

by aw’ii^r lever or handle oateide the caeing. Apertnm are lande m 
botli disee to correspond with each other in tkipB and poeition ; vdutn ^ 
apertures in both plates coincide^ a free passage is given to the steam; tmt 
nrhen the movable disc is tamed rounds so as to present the solid parts of 
its &ce opposite the apertures in the fixed disc, the entrance for the stetnn 
is lessened in proportion as the apertures in the fixed disc are closed. 
discs are fixed on the entrance to the pipe which posses the steam to the 
cylinders. 

The reciprocating motion of the piston-rod is changed into the circular 
one of the driving-wheel by means of a connecting-rt^, as in fig. 151 i a 
* is the piston-rod; b the connecting- 

rod, the brasses of which embrace 
the cranked axle of the driving- 
wheels nn, as explained in p. 87, 
fig. 169, Mechanics and Mechanism; 
the cranks are placed at right an- 
gles to each other, so that me mo- 
tion is continuous. The slide- 
valves of the cylinder for admitting 
the steam to l^th sides of the pis- 
ton are worked by eccentrics, as ex- 
plained in p. 82, Mechanics and 
chanism, the posidon of which is 
shown in fig. 151. 

In order to give the necessary 
fiicility for working the engine so as 
to make it move backwaj^ or f<»> 
wards as desired, various ingenious 
arrangements have been intr^uoed: 
it will 8u6ice for our purpose to de- 
scribe one of these, and that the 
most generally adopted. It is known 
as the ** link-motion,^ and owes ite 
invention to Mr. Stephensom The 
movements are effected by four ec- 
centrics, two to give the beekwifdf 
two the forward motion of the en^ 
gine ; two eccentrics to each cjim- 
der. Let 5c, fig. 152, be the two 
eocentric-rodt, b the e oe w * 

trie, and c the forward eooentilet 
these are connected to the etowed 
link a a, the Radius of which m mpul 
to that of a cirole described bf mek 
eooentrie-rod revolvbig lOtiiid 
editre of ito eooentrie. Urn boei^ 
ward end forward eoemilao-rbdi aro 
attached to the e xtio p tit i s s of tito 
liidca. The valve-rod whioh Works the ^de-valve of tito eyfiiilsr to 
picvided a elidit boiweea tow fmvocriwiia 






tm 


ift Immor Amm of itM Hnks ; tlie links are kepi at a proper db^ 
inMut kj bolti* lioks are capable of being lifted np hy meani 
of liie ww fi and eonneoting piece/ When the slide«?iJTe is oni 
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of gear, the eooeotric-rods are in the position shown in the diagram, the 
line of Talre^rod bisecting the angle formed by the eccentric-rods. In 
diis case, if the engine is in motion, os just in pulling up at a station, 
the eooentric-rads merdy make the link oscillate or vibrate in the centre, 
of the valve-spindle, in and out alternately, as shown by the arrows 
r jf. But if the valve is required to make the engine go ahead, or 
brward, the link is raised up by means of the handle ff, until the forward 
Booeo^rio-rod is in a line with the valve-rod; and by this means the 
throw of the eccentric will be communicated to the valve-rod, and the 
Bngine will go forward. To reverse the engine, all that is necessary is to 
lower Uie links until the upper eccentric-rod c is placed in a line with the 
rahre-Tod, when the engine moves backward. 

Having suflioiently, for the elementary purposes of our treatise, given 
the details of the loccmiotive, we now proceed to give illustratians of en- 
pnes, showing the oonneaioti of the various parts. The first we give is 
Ihe loi^itiidinal section of a ^ fast passenger-^igioe,** constructed by Mr* 
Hackwoith; and for the drawing of which, and description, we are indebted 
k> Mr. W. Jchneon, fig. She has been expressly designed for fast 

Misenger trains, having driving-wheels 6 feet 6 inches duuneter, witli 
leading and hind wheels of 4 feet diameter. Her weight, in working order, 
is SS Kms 15 cwl*, and this is distributed in the following manner : on 
bading whede, 6 tons 6 owt ; drivers, 11 tons 4 cwt. ; and hind whedb, 
I imis 5 owt The crank axle, a, is carried in beaiinm in the inner 
Mbw, ahiist thoee of the leading hind wheels, a ana c, are in the 
HilMr ftame ; the length ihom centre to centre of the laUer psdrs beiiig' IS 
In* S inches ; diese pmMstaons having been laid down with a strict redfer* 
Mi*e to the stabili^ of the leadhig wheels, without an undue detraction 
Ion tractive adLsrioncf the dimvs. '[^e barrel, n, of Ihe boiWplO^ 
Mli dio nove^ of welded loagi^iiiBal aeaiiis : it Is ccnpoead of fv# 
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I iilit tr , taniei into ringt, oftoh being welddd loogitadinal] j, whilst their 
' Imsvetie jenctioiii one^with another are riveted in the ordinary way. 
Hie jniietifiii»» iis, of two ends, with fire-box and smoke-box, are 
by angi^ or danges welded <m, instead of by separate angle irons 
riveted : these were tnni^ and fused in the lathe to a true surfuse, for the 
against the fire-box at one end, and the cylinder foundation-plate 
at the other, ihxm afibrding great accuracy in these details The original 
idea of wriding the boiler-plates is claim^ by Mr. Hackworth, who, it ap- 
peaia, had actually made a boiler on this principle long prior to the date of 
the oonstmctton of the farmer's engine" by Mr. Willis. The example of 
^ eonstmction now before us is a veiy beautiful one ; indeed, it is unrivalled 
as a spemmen of this class of workmanship. The lagging, or oleading, of 
the b^er is covered with sheet iron, giving the surface a smooth appear- 

The plate, r, forming the back comers of the fire-box, is 14 inches 
broad, and was originally made in three pieces for the convenience of set- 
ting; but, alter the completion of the process, they were welded together, 
so as to form a single plate. The grate bars, o o, are arranged longitudi- 
nally, and are carried on two transverse bearers, supported on projections 
on a pair of longitudinal shafis, h h, at the bottom of the fire-box, and 
worked by a lever, i, standing up from the foot-plate, so that the driver 
may drop the whole set of bars instantaneously into the lish-box, J. The 
latter may also be dropped independently of the bars, by releasing the sus- 
pending bars, K K, on each side. 

The fire-door, L, is provided with a regulator for the admission of air 
into the fire-box at pleasure, the bafile-plate being perforated with small 
apertures for its dissemination in the interior. The boiler tubes, n, are of 
brass, 2 inches in external diameter, and are 22 i in number. At tlie 
nnoke-box end of the tul>es a baffle-plate is also fixed op[X)site the tube 
ends ; it is perforated with holes 1 1 inch diameter, the under sides of 
which correspond with the bottom line of the tubes, so that the hotter por- 
tkm of the vapoiu* is retained at the upper side, inducing a superior evapo- 
ratiTe aetkm. This addition do(*s not interfere in any way with the clean- 
ing of the tubes, as it may be removed with great facility. The dome, or 
steam chest, n, is forracnl out of a single plate, welded longitudinally, the 
fiange for riveting it to the boiler being worked out of the same plate. 
The upper flange at o is welded on internally, being turned and faced to 
form a steam-tight joint with the convex cover, which is similarly formed, 
and it removable for obtaining access to the boiler. 

The pistODS also involve some novelties botli in design and oon- 
Stmotion : they are made entirely of wrougbt-iron, witli the rod$ fotged on 
tibem; so that whilst there is thus a gain in lightness and strength, rite 
daagm resultiiig from occasional loosen^ are completely removed. The 
inner framing, % oonrists of two wrought-iron slabs exbmding the whole 
knfftli of the bc41et^s barrel^ and attack^ at one end to the fire-box by f 
in^ angular plates riveted <m. The peculiar advantage of this arrange- 
tnent of finune is, rimt it yirids to the expansion and oontraetiem of the 
bofler, preservitig a eomtantly tmiform length between the ovUnder and 
iBwk axle, and obviating the very ooramoo tendency to work loose, and 
eaose kakaj^ The iriune^plates extend from the centre of the crank axle, 
ioastoeoimteracttheelibclof the strain of the engine at themoslefi^ve 
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pobtf md A ftiffconnexicm It fonoied with ike bairel ei tbe bq^ ]b]^|| 
ilhnig ^mtral transverae plate, rireted on by means of ^iimp an^^bo^ 
At the smoke-box end, a foot, or daoge, is fmmed on each bame-plate^ 
ioT abutting against the tube-plate, to which it is riyeted and bdte^ ^ 
eonnexions bc^ passed through the cylinder danges. 

The outer ihuniiig consists of a wrought-iron slab, 9 inches deep 
and 1 inch thick, exte^ing the whole length between the buifar bars^ tlm 
axle guards being fotged with it in one piece. The transverse junction- 
plate, 8, forms a veiy important feature of the engine ; it is rivet^ to the 
boiler by double angle-irons, and extends across and b^ween the inner and 
outer ft^e-plates, forming an effective fixed point for the pressure of the 
working gear. 

The piston-rod motion consists of a pair of slide-bars, ti, ached at 
one end to protecting fianges cast on the cylinder cover, and at the other 
to the transverse junction-plate, s. The cross-heads, or motion-blocks, ti, 
each consists of a malleable iron double eye-piece, with a box at the kmer 
end, into which the piston-rod k keyed ; and on the upper and lower sides 
of the double eye are bolted the brass slides, with protecting fianges to 
guide them on the motion-bars. 

The connecting-rods, v, are of a plain rectangular section, and are at- 
tached to the cross-heads by a steel jnn passing through them and through 
the double c^es, secured by a nut on the outside. The feed-pumps are 
placed in a fine parallel to the pistmi-rods. The rams are of malleable 
iron, passed through and secured by a nut to tlie cross-head pin. The 
pumps are of brass ; they are attained to the inner frame and transverse 
junotion-plate. 

It is an ascertained fact that, in too many cases, very little regard is 
paid to tlie obtainment of a sufficient area in Uie valve-cases for the admis- 
sion of feed-water to the boiler. Owing to the contraction of this space, the 
valves are made of small sise, and thus a great rise is absolutely necessary 
to admit a due supply of water ; and this, coupled with their great rapidity 
of action, is frequently the occasioo of gieat inconvenience in point of de- 
nmgement and wear. Where the contraction exists in excess, defect is 
hei^tenod by the absorption of power in forcing the feed Uirough the pas- 
wget. 

In the ** Sansparetl," the valves and valve-boxes, w, are made very 
large, so as only to require f th inch liff of valve. 

The eccentric sheaves are made with the smaller divisions of wrought- 
iron, having pins forged upon them, to connect them with the larger or 
prominent eccentric sides, which are of cast-iron. The eooen^ ro^ and 
straps are of wrought-iron, and the rods are forged on the front halves of 
the straps, the latter bdn^ lined with brass. The back halves have an oil- 
vase, X, forged on each, with a syphmi-pipe on each side the bolt, for lubri- 
oatiiig the sheave* The slide-spindles are guided in brass bearings in a 
bracket, y, fixed to the transverse junction -plate ; and the bottom of ihia 
bracket, lU z, forms a beating for one end of the revening weigh-bar. 

The ordinary link motion is adopted for the slide a^ reversing gear» 
the lifting links for reveriiiig being fdaoed inside the motion links, and 
oemneoted with the forward eooentric pms; and the kvem on the invenRug 
mkgMMur are foig^ OB* 

The &a*boK la at cc^ the smoke^tobes al idf the b a lanced apdng 




fig. 154. 
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of lAiob » regulated by the levm mm ik% dimw 
m m the eteem-dome; ti a the eteam-idpe ; r r the iwihitor 
dome ; e the x«gabitor» consisting of a spindle-TalTe, aotnated on by the 
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lever o\ sdmittii]^ steam to the cylinder through pipe </'</'/ I i the 
steam space above the tubes ; p p lock-up spring safety-valve ; / y 
the fbnncl; ^ I, the "spark-arrester The ciwed sr^ show 

the direction of the heated air; the sparks b^g deposi ted i n the 
vesseb tt, the heated air and steam passing out at the vertical apertures 
k L The eooentrio-rods and gear for workiiig the valves, dsa are shown 

a6 kb» ^ « 

hi %. 1 W we give a tnommm seotmn of sane engine at ewoka-ooit 
end* ddikm tubes; slhe lever for woritiag the eonkm M ast ^ a be i 
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tlie sleam-pipe ; </ tibe pipe leading to tbe blinders ; jpp tbe pipes leading 
to blast ; ^ ^ tbe cyli^ers ; /Sie fimnel or chimney. 

In fig. 157 we give the back or fire-box end elevation of the same 
engine, c c the fire^oor ; d dihe starting handles and levers for working 
the eccentric motions, &c. &c. ; e e the gauge-cocks ; // the spring-balance 
safety-valve ; h g the steam-whistle, actuated by the lever i; mm the crank- 
pins, on the driving-wheels, to which the connecting-rods are attached ; i i 
the house or covering for sheltering the engine-men (this arrangement is 


fig. 157. 

adopted in all the elites working in the Northern States of America, the 
climate being too severe in winter to allow the men to be expoeed to all 
weatherti as with ns). 

In fig« 1(8 we give an elevation of another form of American locomo- 
tive: aa iim cylinder and valve-easing; b the piston croMKbead; c the 
oonneotlng^rod; if d ^ conn e ct i ng-rod oonpling the iriheeb tcgetW. 

In %. 159 we n dcefedi of a firsMdaas looomotive passenger eng^ 

on Cranqptoa’t patent prindi^ as used on the London and Nonhem and 
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Western Bailway^' showing the connectioxi of engine and tender. In fig, 
160 a form of engine as used for short joumejs is shown ; in this species 






16$ HI8T0B7 or TBS irriAii-xit0i!ib. 

of lo co m o tive the tender forms pert of the engine, and is cal le d the tank* 
loocnnodve.^ 
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CHAPTER VI. 

STEAM'NAVIQATION AND THE IIAIUHE ENGINE. 

Under the present division of our treatise we purpose giving a few histo- 
rical notes as to introduction of the steam-engine for the purposes of 
navig^on, pielizninaiy to the illustrations and descriptions of the modem 
“ marine engine.^ From the limited space now at our disposal, we shall 
be prevented from going so deeply into the historical details as might by 
some be considered neccssaxy ; but we shall nevertheless endeavour to no- 
tice the most important of these. 

For many yean previous to the application of the steam-engine to 
the propelling of boats, it had been a favourite object with mechanics, 
the sttbsdtution of sundry mechanical contrivances for sails. The 
most noticeable of these was the revolving wheel with float-boards on 
its peripheij) which acted, on being immer^ in the water, so as to move 
the boat forward : this, modified somewhat in its arrangements and con- 
struction, is identical in principle with the “ paddle-wheel** of the modem 
steam-boat The various contrivances introduced for boat-propulsion were 
actuated either by manual labour or that of horses, through the interven- 
tion of simple mechanical arrangements. The earliest notice we have of 
an attempt to substitute the power of steam for these methods of working 
is that of Blasco de (laray, to whose invention we have already alluded in 
the first chapter. Captain Savery, in the Minet's Friend^ alluded to the 
capability of steam as a power for moving steam-boats ; but it does not ap- 
pear that he entered further into the matter tlian maldng a mex'e sugges- 
tion. Denis Papin, during his residence in England, is said to have con- 
structed a model by which a steam-piston moving in a cylinder gave motion 
to the axle of the paddle-wheels ; a rack was placed on the piston-rod, 
working into a pinion fastened on the axle of the revolving paddles. He 
employed two or three steam-cylinders ; and when the piston of the one 
was ascending, that of the other was working downwai^; and as they 
would give contrary motions, one was detached while the other was in 
aedem ; and by this means the motion could be made continuous and toler- 
ably regular. 

in 1737 Jonathan Hall published a description and draught of a new- 
invented m ac hine for carrying vessels or ships out of or into any harbour, 
port, or river, against wind or tide, or in a calm.** In this steam-boat the 
engi^ used was an atmospheric one, rotatory motion being obtained by a 
oonttnoous amiogement of pulleys a^ cords or bands. We give in %. 
161 a diagram iUustrative of the general appearance of this boat. Fran 
the imperfect me chani cal arrangements, and the defects of Iht atinoq)h6ric 
as a rotative this attempt at steam-boat propuitioa foon abaa- 

doned, if indeed it ever went beyond a mere speonlatioii on ^ t 
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j over various unsuccessM attempts made in America Fitch 
and Bamsey, in 1785*1793 ; the Earl of Stanhope in England, in 1795 ; 
and of the Chancellor Livingstone and the celebrated Brunei on the Hudson 
in America, in 1797, — ^we proceed to notice the first successful steam- 
engine. We must, however, go back for a few years prior to the last- 
mentioned date, in 1787, Mr. Patrick Miller, of Dalswinton, a gentleman 
who devoted much of his time to experiments in the improvement of artil- 



fig. IGl. 


lery and naval architecture, published a description, with drawings, of a 
** triple vessel moved witli wheels.” Convinced that, to give his invention 
every fair chance, it was necessary to employ some force greater than tliat 
of manual labour, he threw out the suggestion of employing the steam* 
engine for the purpose of moving the wheels ; the force of steam, amidst 
other means proposed, presented itself, liowever, to his mind “ as at once 
the most potent, the most certain, and the most manageable.” “In Miller’s 
family,” says his son, in the narrative published in tlie Edinburgh Philo- 
^phical Journal in 1824, there was at this time^ as tutor to his youngest 
children, Mr. James Taylor, who had bestowed much attention on the 
8team*engiue, and who was in the custom of assisting Miller in his experi- 
ments on naval architecture and Uie sailing of boats. One day, in the 
very beat of a keen and breathless contest in which they were engaged 
with a boat on the lieitli establishment, this individual called out to his 
patron, *rthat they only wanted the assistance of a steam-engine to beat 
th^ opponents for the power of the wheels did not move the boat faster 
than dve miles an hour. This was not lost on Miller, and it led to many 
dtsoussiont on the subject ; and it was under very confident belief in its 
smooess thi^ the allusion was made to it in the book already mentioned. 
In making his first experlmeats. Miller deemed it advisable in every penat 
of view to betgin upon a small scale, yet a scale quite suffideut to deteiv 
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mine the problem which it was his object to solve. He had constmoted a 
very handsome double vessel vrith wheels, to be used as a pleasure-boat 
on his lake at Dalswinton ; and in this little vessel he resolved to try the 
applic^on of steam.” To aid him in the fitting-up of the steam-engine, he 
secured the services of an engineer to whom he was introduced by Taylor, 
one whose name will be handed down to posterity as the engineer to 
whom practical steam-navigation is mainly indebted for its introduction, — 
William Symington. It was to this latter individual, an engineer of great 
practical attainments, tliat the task of fitting-up the steam-engine was in- 
trusted. In the autumn of the same year in which he was employed, the 
steam-engine, having brass cylinders of four inches diameter, was placed 
on board the little pleasure-boat. Nothing,” says Mr. Miller in his nar- 
rative, “ could be more gratifying or complete than the success of this first 
trial ; and while for several weeks it continued to delight Miller and his 
numerous visitors, it afforded him the fullest assurance of the justness of 
liis own anticipation of the possibility ol‘ applying to the propulsion of 
his vessels the unlimitable [)ower of steam. On the approach of winter, 
the apparatus was removed from tlie boat, and placed as a sort of trophy 
in his library at Dalswinton, and is still preserved by his family, as a mo- 
nument of the earliest instance of ae,tual navigation by steam in Oreat 
Britain. In the succecHling year, a larger boat, sixty feet long, was tried 
on the Forth and Clyde Canal ; the engines and machinery were con- 
structed at the Carron Iron Works, near Falkirk ; and in December 1789, 
“ in the presence of a vast number of spectators, the machinery was put 
in motiom” This second trial promised to l>e every way as prosperous as 
the first. It happened unluckily, however, that the revolving poddies had 
not been made of sufficient strength ; and when they were brought into full 
action, several of the float-boards were carrietl away, and a very vexatious 
stop was for that day put to the voyage. The damage was repaired, and 
on the 25th December the steam-boat was again put in motion, and carried 
along the canal at the rate of wiven miles an hour, without any untoward 
accident; although it appeared evident that the weight of the engine was 
an over-bimlen for the vessel (her planking Ixdng only three-quarters of an 
inch thick), aud that under such a strain it would have been imprudent to 
venture to sea. The* experiment, however, was again repeated on the two 
following days ; and having thus satisfied himself (Miller) of tlie practi- 
cability of hi.s scheme, he gave orders for unshipping the apparatus, and 
laying it up in the storehouses of the Carron Works.” In consequence, as 
it appears from the statements in the narrative by his son, Miller was led 
to abandon further experiments with the view of introducing the steam- 
boat more extensively, partly from the largo expenses which the first trial 
had cost him, and partly from his attention Ijecoming much directed to 
agricultural pursuits. In 1801, Symington, patronised by Lord Dundas 
of Kerse, started a steam-boat on the Forth and (’lyde Canal, for the pur- 
pose of towing boats. The following is Mr. Symington’s own narrative s 
“ Mr. Miller being very much engaged in improving his estate in l>uni- 
friessbire, and I also employed in constructing large machinery for the lead** 
mines at Wanlockhead, the idea of carrying the experimenti at that time 
^any further was entirely given np, till meeting with the late Hiomas 
: Iiora Dundas of Kerse, wlm wished that I should cemstmet a steam-boEt 
[ imr dragging vessels ou the Forth and Clyde CanAl instead of bcNhras. 



to hit lordship’t lequett, a serie* of eiqpexkiieikts, idiicli oott 
Iseiia^ liurea thominid pcmndsi wm set on ifoot in 18(^1, and ending In 
1802, tipon a larger scale (than those on Dalswioton Lock) and more im* 
vrorM ^an, havii^ a sleam-^Hnder twen^-two hushes dimeter and four 
met stroke, which prored itsefr rerj much adapted for the intended pur- 
poses. Having previous! jr made various experiments, in March 1802, on 
the Forth and Clyde Ca^, Lord Dundas and several other gentlemen 
being on board, the steam-packet took in tow two loaded vessels, each of 
sevfmty tons burden, and moved with great ease through the canal a 
distance of nineteen and a half miles in six hours, although the whole time 
it blew a strong breeze right a-head of us ; so much so, that no other 
vessels could move to windward in the canal that day but those we had in 
tow, which put beyond the possibility of a doubt the utility of the scheme 
in canals and rivers, and ultimately in open seas. Though in this state of 
forwardness, it was opposed by some narroW'minded proprietors of the 
canal, wider a veiy mistaken idea that the undulation of the water, occa- 
sioned by the motion of the wheel, would wash and injure its banks. In 
consequence, it was Mrith great reluctance laid up in a creek of the canal, 
exposed for years to public view.*' 
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In fig. 161* we give a dra^ving of Symington's first engine, and in fig. 
a drawing of the second and improved design ; for these we are in- 
debted to the courtesy of Mr. Wm. Symington, of London, the son of the 
inventor. The following is the description of the various parts : 

In fig, 161*, a a are the cylinders, b the boiler, c steam-pipe, dd air- 
pump rods, ss connectmg chains, //direction pulleys, gg pacUUe-wheelB, 
tinted and wrought in a trough extending from stem to stem of the boat, 
and allovring firee ingress and egress to the water ; h h laUdiet-whe^ for 
oommunioating motion to the paries; tt the water-line. 

In fig. 161*, a the cylinder, b the boiler, c steam-pipe, d eduotfon^pipe, 
accndeitfer and air-pump, g hand-gear ana pump-r^, h piston and jxm* 
nactii^-iod, supported by the foiction-wheels; t the rod which comniuiii- 
eates motkm lo'the ah^pump lever; j cnmk; k paddle-wheel, situated in a 
navity in the eentare of the stem of the vessel; ll pmUi^wbod cavity^ open 



hMad and bdow to the wator; m sleer-wheel; m dotalioxi Hue. Tbii 
boat mm steered bj two rodders conneotod by iron rods, and wxoogbt bi 
IkB prow by ibe steer-wheel. 

We ocane now to notioe the exertions of another indiyidnal who ocon- 



pies an important place in the history of steam-navigation— Robert Fulton, 
an American. Passing over various matters connected with this indivi- 
dual, with reference to other inventions of his, we proceed at once to state 
that, on the occasion of his visit to Paris, he became acquainted with Chan- 
cellor Livingstone, tlien minister from the United States to the court of 
France; who, it may be recollected, has been mentioned as having been 
engaged in conducting steam* boat experiments at one period in America, 
but who hod not socc^sded. He explained to Fulton what hqd been done, 
informad him that on his return to America he intended to resume his ex- 
periments, and invited Fulton to turn his attention to the subject. This 
F^ton did, and instituted a variety of experiments with a view to ascertain 
the best expedients to be adopted. After many trials, he determined to use 
the paddle-wheel. In 1803, the iirst boat constructed by Livingstone and 
Fulton was completed ; ** the wheels and other mechanism acted according 
to his (Fulton^s) expectations, although her speed was not so great as he 
calculated upon her machinery producing.” So satisfied, however, were 
they with this preliminary trial, that they wrote to Boulton and Watt, 
ordering them to make an engine, with momfications adapted for the Pecu- 
liar purpose for which it was designed ; this engine to be sent to New X<Hrk^ 
to whi^ place Fulton intended immediately to return. livingstone, 
through the infiuence of his friends in America, obtained the privilege 
of navigating the waters of Uie State of New York by steam for twenty 
years, in which priviloge Fultcm was also included. Beibre leaving l;>r 
New York, Fulton vim^ Scotland, and waited on ^mington, wiio mt- 
pliuned to him very fblly the vriiole details of his plan. Symington, in his 
narrative, sajrs, rHilton politely made himself known, wod eandi^ teld 
me be waa ktriybom Norui America, and intended mretum thither in alW 
months; but having beard of our ^eam-boat operatmns, he could not ftlnk 
of leaving ^oounkrywitlioin; first witttittg ii^ expMilio« of eee- 
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iog 4ihe boiii^ procuring such infotmaricn regarding It as I migbt be 
pbaaed to communicate. He at tbe same time mentioned*’ (continues 
Sjuuugton) however advantageous such an invention might be in Great 
Britutn^ it would certainly be more so to North Ammca, on account of the 
many extensive navi^ble rivers in that country. And as timber of the 
first quality for building the vessels, and also for fuel to the engines, could 
be purchased there at a small expense, he was decidedly of opinion it could 
hardly fail in a few years to become very beneficial to trade in that part 
of the world ; and that his carrying the plan to North America could not 
turn out otherwise than to my advantage ; as, if 1 were inclined to do it, 
both the making and superintending of such vessels would naturally falF 
upon me, provided my engagements with steam-boats at home did not oc- 
cupy so much of my time as to prevent me from paying any attention to 
those which might aflerwards be constructed abroad. In compliance with 
his earnest request, I caused the engine-fire to be lighted up, and in a short 
time thereafter put the steam-boat in motion ; and, carrying him four miles 
on the canal, returned to the place of sUirting, to the great astonishment of 
Fulton and several gentlemen who, at our request, came on board. During 
the above trip, Fulton asked me if I had any objections to his taking notes 
respecting the stearn-boat; to which question I said, ‘None.’ And after 
putting several pointed questions respecting the general constniction and 
effect of the machine, which I answered in a most explicit manner, he 
jotted down particularly every thing then described, with his own remarks 
upon the boat But he seems,” says Symington, “ to have been altogether 
forgetful of this ; as, notwithstanding his fair promises, I never heai^ any 
thing more of him till reading in a newspaper an account of his death.” 
Thus provided with practical information from Symington, Fulton pro- 
ceeded to America in 1800; and in 1807 Fulton had completed his steam- 
boat, and in the spring of that year it was launched on the Hudson. 
The steam ^gine manufactured by Boulton and Watt had arrived ; and, 
with the assistance of the engineers who had been sent out with it, it was 
fitted up in the boat ; and in August of the same year the first trial was 
made. On this occasion, Livingstone and Fulton had invited many of theuf 
friends to witness the progress of the first steam-boat. 

“ Nothing,” says the historian of the event, “ could exceed the surprise 
and admiration of all who witnessed the experiment The minds of the 
most incredulous were changed in a few minutes : before the boat had 
made the progress of a quarter of a mile, the greatest unbeliever must have 
been converted. The man who, while he looked on the exjxmsive machine, 
ibanked his stars that he had more wisdom than to waste his money on 
#uch idle schemes, changed the expression of his features as the boat moved 
from the wharf, and gained her speed; his complacent smile gradually stif- 
fened into an expression of wonder. The jeers of the ignorant, who had 
neither sense nor feeling enough to repress their contemptuous ri^cule and 
rude jokes, were silenc^ for the moment by a vulgar astonishment, which 
deprived them of the power of utterance, till the triumph of genius ex- 
torted from the incredulous multitade which crowded the shores, shouts 
and aoeiamations of congratulation and applause. . . . This famed vessel, 
which was named the Ckrmmt^ soon after sailed for Albany (150 miles 
firom New York), and on her first voyage arrived at her destination wifiiout 
any aoeident^** 
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The speed attained was about five miles an hour. She was uldmatdy 
placed.as a passenger^boat between the above places, and succeeded so ad* 
mirablj as to place Fulton very speedily in a position of independence. 
The dmiensions of the Clermont were, length 133 feet, depth 7 feet, breadth 
of beam 18 feet. The diameter of cylinder was 2 feet, stroke 4 feet; the 
diameter of paddle-wheels 15 feet; ^e float or ducket 4 feet long, and 
dropped 2 feet into the water. The burden was 160 tons ; the boiler was 
20 feet long, 7 deep, and 8 broad. 

In the year 1808, a steam-boat called the Comet was tried on the river 
Clyde, in ^tland, by Mr. Henry Bell, a name deserving of honourable 
mention in the history of steam-navigation, as one who, by his persevering 
exertions, was a great instrument in bringing steam- vessels into use in this 
country. The attention of Bell, it appears, was directed to steam-boat 
propulsion by receiving a letter from Fulton. Whether this letter was 
written anterior to the starting of the Clermont is not known. 

“ Fulton,” says Bell, “ had occasion to write me about some plans of 
machinery in this country, and begged the favour of me to call on Mr. 
Miller of Dalswinton, and see how he had succeeded in his steam-boat 
scheme ; and if it answered the end, I was to send him a drawing and fldl 
description of it, along with my machinery. This led me to have a con- 
versation with Mr. Miller, and he gave me every information I could wish 
for at the time. I told him where, in my opinion, he had erred, or was 
misled by his engineer ; and at the same time I told him that I intended 
to give Fulton my opinion on steam-boats. Two years after I had a letter 
from Fulton, letting me know that he had constructed a steam- boat from 
tbe differept drawings of machinery that I had sent out, which was likely 
to answer the end, but required some improvement upon it.” 

Bell, as stated by Symington, frequently investigated the steam-boat 
constructed by the latter, while laid up in the creek of the canal formerly 
alluded to ; and was led, after receipt of Fulton's letter, ** to think of the 
absurdity of sending his opinion on these matters to other countries, and 
not putting them in practice himself in his own.” From these considera* 
tions, he says, “ I was roused to set on foot a steam-boat, for which I had 
made a number of different models before 1 was satisfied. When 1 was 
convinced they would answer tlie end, 1 contracted with a ship-builder in 
Greenock to build me a steam- vessel according to my plans, with a 40-feet 
keel and a 10|-feet beam, which I fttted up with a small portable engine 
having the power of three horses, and paddles, and called her the Cornet^ 
because she was built and finished the same year that a comet appeared in 
the north-west of Scotland.” The Comet plied between Glasgow and Gree- 
nock, but was by no means a successful speculation for Bell For the first 
six months very few, he says, “ would venture their precious lives in her; 
but in the course of the winter of 1812, as she had plied all the year, she 
began to gain credit, as passengers were carried. twenty- four miles as quick 
as by the coaches, at a thM of the expense, besides being warm and 
comfortable. But even after all, I was a great loser that year. In the 
second year I made her a jaunting-boat all over the coasts of Kngknd, Ire- 
land, and Soothmd, to show the public the advantage of steam-b<^ mivig^ 
tion over the mode of sailing; having done what no king, prii^ 
admini, or general conld do*-4iiidce vessels go against both wind and lid|| 



JuA before been aooomplidbed in tihis tmmiaf m m to ^maike 
l«y life to tbw 

. ^ A momimeiit is erected on banks of the Clyde in honoor of Belli as 
the ftilw of public steam^aangataon in Ibis ooantry* Bell haTii^ tins led 
the srayi statkm afler station throughout the kingdm tras supplied witb m 
sfoiwn-b^ At the ead of 1823 ^ere had been ninety steam-boats built 
inBcoUand, . 

, The opinion of nautical men daring the first few years of the introduo* 
tioo of steam-boats was inimical to the idea that steamers were calculated 
to make progress against a heavy sea. This question was, hoYerer, set &t 
rest, and decided triomphaotly in their fovour, by the deep-sea voyage un- 
dertaken by Dodd, who went to Glasgow for the express purpose of taking 
a steam-b^t fimm that port up to London. Tlie vesael ne navigated was 
90 feet long and 14^ feet broad, with a burden of about 75 tons ; the 
engine was calculated to have a power of 14 horses, and the wheels were 
9 in diameter. She was rigged with a square sail on the chimney 
mast, a bowsprit sail, and another on the mainmast. The crew consisted 
of a mate, four seamen of the first order, an engineer, a fumaoe-man, and a 
ship’s boy. This was the first vessel of the kind that any one had ever 
da^ to venture in on the tempestuous sea that terminates St. George’s 

Channel on doubling Cape Lizard This interesting voyage, 758 

nautical miles, was run in 122 hours.” 

The bold experiments of Napier, too, tended to hasten the application f 
steiun-boats to deep-sea navigation. 

On fairly considering the various claims put forward by different in- 
dividuals for the honour of having introduced steam-navigation, we cleturly 
think that the honour should be paid to William Symington, a# being tile 
first contriver of a steam-boat which was carried out into successful prac- 
tice. The claims both of Henry Bell and Fulton are now, hy the gene- 
rality of authorities, set aside, and the high honour is left to be divided 
among Mfiler, Taylor, and Symington. What share Miller had in intro- 
ducing the invention we have already shown ; he played the part— and 
an important one, doubtless — of the capitalist who found the means to 
conduct the experiment ; but he did nothing more. It is between Tayk{r 
and Symington that the matter rests ; what claim Taylor had to be con- 
sidered the inventor we muft now endeavour to show. ' The documents 
from which our extracts are made have been ftimished ns by the son 
of William Symington, already alluded too. 

The document chiefly reli^ upon in the Memoir of Taylor, as establish- 
ing his olahns to the invention of steam- navigation, was a letW addressed 
to him by Mr. Symington, in the following terms : 

Glasgow, F«l>. 9, lB8t. 

SiB^In terms ot mj fbnner agreement, when makmg experinmts of 
soiling by the steam-engine, I hereby bind and oblige mynidf to convey to 
you by a regular aasignatioiD the one-half of the interest and fwoeeeds of 
the patmit t^en by me npon that invention, when an ooeim 

ofexe^^iittog thed^ 4 

<*Iiiin, Sir, your cfoedientierTan^ 

(Signed) "WiuuAiij 



^ We ipeie aoi awwe of ^e ezutmoe ef ^ at l^e thne W 
penned our ifonner remarict. We think it light, ^lereihre, to take 
j^eeeiit opportooilT of itatmg, that it does not alter our tiew of the case in 
the least, but, on oontraxy, con&rms it in die strongest possible manner. 
Why should Mr. Symington bind himself to assign a diare in the patmt 
fbr the invention to Taylor, if the vHbole right to it rested Tkjdor, 
which is what Taylor's iriends maintain ? It could not have been because 
Symington acquit by any pecuniary means an interest in the invention 
t^t the patent f(»r it was taken out in his name, ibr SymingUm was 
notoriously and confessedly a person without money. It must have been 
the invention of the thing, and that alone, which constituted Symington'll 
title. The monied person in the business, or at least the person who pro^ 
cured fkom others the money to take out the patent, was Taylor ; he also 
was the person who introduced Symington to the influential patronage of 
Mr. MiUer of Dalswinton ; and it seems to have been on these grounds--* 
partly pecuniary considerations and partly gratitude — that Symington cove- 
nant^ to assign to Taylor one-half of the fruits of his invention. If Taylor 
had been the principal in the affair, he would have been the assigning party, 
and Symington the party to receive the assignment. As it is, Symington 
appears as the princip^, and Taylor as a mere auxiliary ; which, no doubt, 
was the relation in which the parties actually stood towards each other. 

“ The improvement in the steam-engine devised by Mr. Symington 
was accomplished in 1785-17S6 ; and it was in the spring of 1786 that 
Mr. Miller, as already mentioned, engaged him to cany on some ex- 
periments upon steam-navigation. These were made upon the lake at 
Dalsvrinton, Mr. Miller s property, in 1788. It is asserted that Mr. Taylor 
remained in Edinburgh after Mr. Miller hud Jeff, to superintend castings 
of the parts of the engine intended to be employed in moving the boat 
But if this were necessaiy, why did not Taylor afterwards put the engine 
together ? If he were capable of furnishing the drawings and models by 
which the various parts were to be constructed, surely there oonld be no 
necessity for sending for Mr. Symington fVom the Lead-hills to put the 
different pieces properly in situ, Mr. Miller would have been little less 
mad to employ Symin^n in these experiments, when he had such 
a orilliant and inventive genius as Taylor residing under his own roof. If 
(as has been asserted) Taylor was the author of these experiments, where 
are the drawings and documents to substantiate bis claim ? Have th^ 
,ever been seen by any person ? Or, indeed, have they ever existed, except 
in the imagination of his partisans ? 

There is an account of these e x p er i m ents to be found in the Seois 
Moffcume for 1788, which it has been allowed was drawn np by Taylor 
hisi^f. He acknowledges, in this statement, that the merit of the expense 
of tryi ng the experiment was due to Mr. Miller, but that the engine used 
upon the occasion was ihe sede invention of Mr. Sjrtnington ; and through^ 
out the iriiole aoeonnt he never introduces his own name, either directly ctf 
by impbeation. The notice alluded to was as follows; 

^ ^On October 14 n boat was put in motion by a steam-engine, upon 
Mr. Hilleris, of Dalswinton, piece oi' water at that place. That gen^eiiiM*i 
improvements in naval are well known to ^e pnblic. For some 

timm |Mwi lus attsntiop has been turned to ^ applicimon of tl^ steam- 
engine to tibe purpose of navigation. He has tiow acoompbshed^ and evi- 
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imAj ibowii to tb^ world, tbe practlOabiii^ of tbu^T^BCotizig it upon 
a stni^ scale* A vessel, twenty-dve feet long and sevea broad, was oa 
tbe alx>ve date driven, with two wbeds, hj a small engine. It answered 
Mr. Hiller's expectaticms fully, and afforded great pleasure to the spectators. 
Tbe success of this experimi^nt is no^smali accession to the public. Its 
utUitj in canals and all inland navigation points it out to be of the greatest 
advantage, not only to this island, hut to many other nations of tbe w<»rld. 
Tbe engine used is Mr. Symington’s new patent engine .* — Scofs Magatme^ 
Nov. 1788, p. 566. 

‘‘ In 1789, Taylor is represented as being located at tbe Carron Iron 
Works, for the purpose of superintending the castings of an engine of 
increased size, tbe cylinders being 18 inches in diameter. But, in op- 
position to this, we have the uilidavit of Mr. Stainton, one of the managers 
of these works, who states, that 

“ * He (Taylor) was never considered capablf of superintending the 
work ; that he never furnished a single drawing or model by which tbe 
work might be forwarded ; but that, on the contrary, Mrl Symington was 
looked up to as being the person to whom all the necessary inquiries for 
the completion of the engine were to be addressed ; and that, so far from 
considering Taylor a principal, he was rather looked upon as a spy ap- 
pointed by Miller to watch Symington's conduct, that he did not waste too 
much of his time upon some experiments he was conducting at the same 
moment for the Wanlock Head Company.’ 

** The experiments with the new engine succeeded entirely ; but when 
it had arrived at that point, that by a little more exertion it might have 
been perfected, Mr. Miller’s excitement was over. He had been bitten by 
an agricultural mania, dismantled tlie steam-boat, and left steam-navigation 
to be promoted by otlier hands. 

“In 1801 and 1802, Mr. Symington renewed his experiments, under 
the patronage of Lord Dundas, that nobleman having purposely gone down 
from London to engage him. He continued them until 1803, when he 
completed a steam-tug, which towed two merchant vessels 19 J miles upon 
the Forth and Clyde Canal, against tlie wind, in the presence of many 
spectators. Mr, Symington took out a patent in the usual w’ay for t^e 
protection of his inventiuii in 1801; and this fact must disi}Ose of tbe 
chai^ of his having practised any concealment or secrecy with regard to 
the matter. 

“ A letter has been published from Mr. Symington to Taylor, in which , 
tbe former promises to make over half the profits of the invention to the 
latter. This originated, I am told, in a representation made by Taylor, 
that he was po^essed of considerable influence amongst noblemen and 
members of parhament, through whose intercession a parliamentary grant 
might be obtained. But even supposing Mr. Symington was not entitled 
tp the honour of being the first applier of steam to the purposes of naviga- 
tion, Taylor, from his own showing, and from tiiat of Ms firi^ads^ must 
have still less claim ; for he states that im (Taylor) called upon Mr. Miller, 
and endeavoured to persuade him to secure the right to the inventkm by a 
patent If it was Miller’s invention, Taylor’s regretting his own incapa- 
bOi^ of securing the right by patent is an absurdity. « « * * That 
Mr* P. WUer (the son of the Mr. Miller of Dalswinton) nor Lord 
DundaSf who emj^oyed Symington to construct a boat oa the Forth and 
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Clyde Cftoal, looked upon Taylor as the party by wiioxn 8tea]ii«naFigatk)«i 
Wfts introduced, t^e following letters will prove : 

Letter from Mr. P. MtUer to Mr, W. 

Edinbargh, F«b* ^ 1824* 

“ Sir,— As I was not at home when you w^ere employed by nay father to 
erect a small steam-engine for him in a pleasure-boat of his, at Daliswinton, 
with which the first steam experiment now on record was made in the 
year 1788; nor had I an opportunity of lacing present at the second experi- 
ment, made the subsequent year on the Forth and Clyde Canal, likewise 
undef your management,— may I request you tol)e so obliging aS to inform 
me if you were acquainted with any practical system of steam -navigation 
that existed prior to that period, from which ,you could have derived any 
assistance in carrying my father’s project into effect, or if you considered 
the speculations you were then engaged in as original in themselves at the 
time ; for I never heard of any of the individuals who were cngagcHl in th(‘ 
matter, that had either ever seen or evei* heard of Mr. Jonathan Hull’s 
pamphlet. 

“ Being credibly informed that a Mr. Henry Btdl, of Helensburgh, near 
Glasgow, has publicly stated that my father’s experiments failetl, might I 
also request you to be so obliging as to mention w'hat could have given him 
a handle for a groundless and unfounded mistake; for at hiast such did not 
happen at Dalswinton, as 1 can show by abundance of living testimony at 
this very day. I also know that there are many still alive who* witnessed 
the experiment both days after the wheels were repaired, who are reiidy to 
bear evidence that every thing the reverse of failure took place on that 
occasion, and that these two days’ experiments were as complete in success 
as any that have hitherto been made; and I would, at the same time, thank 
you to say if you know whether this Mr. Bell was ever amongst the spec- 
tators upon the occasion. 

“ I have learnt, however, that some years thereafter he applied to yon 
to see the vessel you constructed for the Canal Company, and that you 
showed and explained every thing particularly to him, from whence he 
derived the skill he f>o88e8ses in this matter; and likewise understand that 
Mr. Fulton, the American engineer, w'us also at Carron, and had the benefit 
of seeing the vessel and n^ceiving instructions from you on the sU;am sys- 
tem which he so promptly and successfully carried into effect. 

I hope it will l>e convenient for you, on receipt of this, to gi%'6 me tlie 
informatiou of which 1 at prestmt reejuest the favour; and be so good as to 
address to me at the Albyn Club, Pinnces Slreet, where I shall be for a 
few days, previous to my return to Dalswinton. 

“ I am, sir, your most obedient servant, 

(Signed) **Patuick Miluck. 

“ To Mr. W. Symington." 

Prom tie Bight Honourable Tkomae Lord Dundas, to Mr. SymingUmf cml 

engineer, 

" Dear Sir, — was extremely sony to hear that jmt had been at the 
bouse wdiile I ww from home. I beg to explain the cause of my absMie^, 
said the step 1 bad taken to meet the chance of your arrival; and 1 
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first state, diat not having heard from yon, I hardly thonghi yon were able 
to accept the appointment I had made. Having accept^ an invitation to 
sleep at Dunmore on Friday, I came over here during that day, and xe> 
quested my son’s tutor to receive you in the event of yom* coming to 
breakfast Mr. Simpson, however, was not aware that you had been to 
Carsehall, or he would have done all in his power to make up for my 
absence, and, if possible, would have inducedyou to remain till my return. 

“ It was well known to me that you were the first person who propelled 
boats by steam, and I well recollect the trial boat lying near the draw- 
bridge. The present model is a different one from that possessed by you; 
but I do not know if Mr. Bell used at first the ‘ eccentric’ now in copamon 
use. 

** The ^ auletic wheel* I do not understand ; but I will have the pleasure 
of calling upon you on Wednesday, when I shall he happy to receive your 
lecture, how much or how little of it may be within my sphere of compre- 
hension. 

“ I am, dear sir, your very obedient servant, 

(Signed) “ Thomai^ Dondas.” 

Documents have recently been discovered which substantiate still more 
fully the claims of Symington. These documents are in the handwriting 
of John Taylor, the brother of James, the claimant whose rights to the 
honour we nave been examining, and whose name is not so much as once 
mentioned .relative to the matter. We have been thus particular in giving 
the evidence . on this important point. A pension of 50/. has, we believe, 
been granted to the widow of Taylor for liis supposed services as intro- 
ducer of steam- navigation ; nothing was given to Symington during his 
life, and nothing yet to the relatives he has left behind him. We trust 
tl\at little time will elapse ere the nation has, through the voice of its 
legislature, showed a nation's gratitude to the memory of the real intro- 
ducer of steam- navigation — William Symington. 

'fo afford a ready means of judging of the respective claims of the 
parties interested, the following summary is appended : 

^ In 1786, Mr. Symington exliibited a working model of a steam-car- 
riage in Edinburgh, and suggested steam- navigation. 

In 1788, he superinteilded the construction of a steam-engine of his 
own invention, and the fitting of it into one of Mr. Miller’s pleasure-boats; 
which boat was successfully prc^lled that year on Dalswinton Lake by the 
power of steam. 

In 1789, a larger boat, with a more powerful engine of the same kind, 
was successfully propelled by steam on the Forth and Clyde Canal. 

In 1800, he was engaged by Lord Dimdas to construct steam-tugs for 
the Forth and Clyde Ca^l. 

In 1801, the Charlotte Dundofy steam-tug, was repeatedly tried on the 
canal, towed vessels there and up the rivers Forth and Carron, into Gran^ 
n)Outh, and carried Mr. Fukon, <he American engineer, eight miles on die 
canal in an hour and twenty minutes. In the same year he patented his 
direct-acting steam-engine for propelling vessels. 

In 1802 and 1803, the second Ckarhtte Dunda$y a laiger and more 
powerful boat, towed vessels on the canal ; and on one particular occasioa 
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dragged two laden sloops of seventy tons burden eacb, the Actm and 
Ef^ohmia, a distance of 19J miles in six hours, against a strong adverse 
gale. 

His experiments were here ended, through the fear of the managers of 
the canal that its banks mi^ be injured by the undulation caused by the 
wheels. 



fig. IC2. 


In 1807, Mr. Fulton first succeeded in propelling a vessel by steam 
the Hudson. 
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In 1811, Mr. Bell’s first boat, the Comet, vas tried, and set to work on 
the djde. Mr. Bell, os well as Mr. Fulton, had be^ on board oi Mr^ 
Symington’s boats, and satisfied himself of thehr efficiency. 

Having thus taken a rapid glance at the main points of interest in eon- 
neodon with the histoiy of steam-boat navigation, we proceed to illustaate 
the various kinds of modem marine engines. These are of two kinds-^ 
engines as applicable to the driving of paddle-wheel steamers, and those 
applicable to “ screw” steamers. 

The engines adapted for paddle-wheel steamers are of two kinds, ** side- 
lever” and “ direct-action.” The arrangements of the ordinary side-lever 
engine will be understood from an inspection of the drawing in fig. 162. As 
will be observed, this is a modification of the land beam-engine ; but as 
the space overhead in all steam-boats is necessarily limited, the beams are 
arranged at the lower part of the engine. The cylinder is eX a a, hh the 
working beam, c the steam-pipe, d d the side-rod connecting the end of the 
beam with the cross-head of the piston -rod e, f the parallel motion ; g the 
connecting-rod connecting end of beam with crank /i, I paddle-shaft, m 
eccentric -rod, n op starting handle and valve gearing ; rr condenser air- 
pump, worked by the side-lever connected with beam and cross-head of 
air-pump piston-rod, sb air-vessel, it framing. 

The drawing in fig. 38 shows the arrangement Mr. M‘Naught adopts 
in his double-cylinder marine engines. 

In fig. 168 we give a diagram illustrative of the connection of cylinder, 
condenser, and air-pump, a is the cylinder, h the piston-rod, c the lower, 
d the upper steam port, e the passage leadinor to the condenser /. A division 
is plac^ between the condenser and the eduction passage e, to prevent the 
injection- water passing to the lower part c of the cylinder, g the air-pump, 
A I the air-vessel. We now give descriptions of a few of the details of the 
engine w’orth notice. In the air-pump a valve is provided at the bottom 
plate opening upwards ; this is to allow the water to pass from the con- 
denser to the air-pump, but to prevent its return. Another valve is 
placed at the entrance to the hot-well 4 (fig. 103); this retaining the 



water in the cone, ftees the air-pump bucket ftcm an unnecesnury weight 
of water. The air-cone is now ftequently dispensed with. Two 
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are made ia the hot-well it, fig. ] 63, one larger than the other ; the imall 
oiie oommimicates with the force<pnmp for supplying the boiler, the other 
with the sea, and is termed the waste-pipe. 

Escape* valves are provided to the steam cylinder; th© office of these is 
to allow a passage to die water which collects above mid below the piston. 
The escape-valve at the bottom of cylinder is weighU^ witli a pressure 
above that of the steam in the boiler ; if tins precaution were not talcen, tlie 
steam a would blow through them on being admitted to the cylinder. The 
upper escape-valve is generally placed in the cylinder cover, and is retained 
by a spring in some instances. In some engines the escape-valves are ap- 
plied to the ports of the cylinder and kept closed with springs. 

The diagram in fig. 164 illustrates the method adopted in side-lever 
engines in working the slide-valves ; /is the end of the cross-head of the 




valve-rod, side-lever, connected with the end d of the rocking-shafl « 
oscillating on the centre b, and which is moved uln*nmtcdy up and down by 
the eccentric lever c, to which the eccentric- nxl is attached, g is tiio back 
balance-weiglit ; the office of this weight is to balance the slide-valve in 
such a position that both of the steam-pc^rts are closed when the engine is 
at rest. In starting the engine the r^Kiking-shaft is moved by hand tli rough 
the agency of a lever attached to it. In place of a lever, many engines 
have wheels placed vertically, like the steering wheels of shijJH. The In'st 
starting gear is that known as Stephenson’s link motion, used in hx^o- 
motives, and which, in Chapter V,, we have illustrated and descrikd. 
This also forms the best reversing gear, as by it the full 8[>etxl a-head can 
be instantly changed for full 8pe<*d a-stem without stopping the engines. 
In engines where this contrivance is not used, the eccentric has to be 
thrown out of gear before the engine can be rcvttrstMl. On the crank-shaft, 
on which the eccentric is placed, a snug or projection is made, as at 
fig. 165; two snugs are also fitted, as at cd Suppose the shaft revolves so 
as to bring the face f of the snug b against the snug c, the eccentric moves 
in the direction of the arrow; but if it is desired to change the motion, the 
shaft a revolves in the contrary direction, and the face c of the snug h 
f comes in contact with the snug (L 

I The eomparativeJy large ^mce occupied by side-lever msgines, hm 
£ directed the attention of many of onr engineers to devise arrangemenls bj 
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wlikli gpftoe would be economised. This has been attempted, and in some 
instanoes with considerable success, by the introduction of the direct>aotion 
enginb. The varieties of this class are very numerous. To the reader 
anxious to have a knowledge of these, we must refer to larger works ; the 
.drttsan treatise gives many illustrations under this head. Our space permits 
us only to give some simple diagrams illustrative of the most noted of 
dete. The distinguishing feature in this form of engine is the absence of 
the side beams, rotatoiy motion being given at once to the paddle-shaft 
the piston-rod. In fig. 16G we give a diagram illustrative of die 



a 



fig. 100. 


fig. 167 . 



steeple- engine,” 111 m*h ij ml in the C'lyde. is the piston-rod, carr}’ing 
a triangular erc»s8-head I//; c the paddle-shaft , d the connecting-rod, attached 
at one end to the upjmr extremity of the cross-head b(> ; ami the parallelism 
of the j)i8tou-i\)d is maintained by the guide e, in which the cross-head m 
works. 

In fig. 1G7 we illustrate the arrangement of the Siamese or double- 



6g. 168. 



cylinder engine introduced by Maudsley and Son. o ( the two cylinders, 
es the piston-rods connected with the cross-head ss, which is contmued 
downwsiids to d, and which slides between the two parallel guides e/ 
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end i^ihe oouneetiog-rod is attached to a, and the o&er to the crank 
oa nedeata!/. In % 168 we give a diagram Ulustratiye of another hm 
of aueci>actmg engine, which is consider^ as exceedingly c<Hnpaot; **in* 
deed,** says an authority, ** no engine can occupy less room than this ; fbr 
its length is LttUe more than the diameter of the oylltider.** Let a represent 
the pbtoxKrod, h the connecting-rod, ce the paddle-shaft, d the air-pump 
rod worked by an eccentric on the simA cc. The cylinder- valve is worked 
by the eooentric-rod /, %. 169, from an eccentric on shaft ec 6g. 168; the 
rod/works the levers a and valve-rod g ; A the peilestal fixed to Uie pillar s; 
m is the eccentric-rod working the air-pnnip rod n correspnding to di fig. 
168, In direct-action engiiu'S, whert' the ct>nnt‘cting-rod is between the 
piston and the crank, the engine is designated as Inilonging to the class 
known as the “ Gorgon engine,” introduced by Messrs. Si*award, where the 
connecting-rod is above the crank a ; they come under the designation of 
steeple-engines. 

A well known form of direct-action engine is that known as the “oscil- 
lating.** We have alremly described the action of this ; we now give a 
diagram showing its application to a paddle-wheel steamer (fig. 170). 



fig. 170. 

Where vessels are propelled by the “screw,” engines difiering in ar- 
ngement from those we have alr^y described are adopted. The screw 
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A |Mi;tr of oscillation engines giving motion to a homontal sliaA;; in is 
fixed the driving wheel, taking into the toothed wheel on the scnew^allaft. 
Hie inconveniences attendant on this form have, however^ prompted in 



o^er iisltonces the nse of engines connected directly to the screW'shail^^; ibs 
dill^^ty in thii case, however, is, that the valvss df" the i 

to hi Imodted speedily to pieces fhon the high speed at wnich the enginw 
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works* Mr. Boornte propoeos to obriato this bj rojplEOiDg the air»piixiip 
ndres by a species of ordinary slide-Talve. 

1^ fig. 171 we give a drawing of a double-geared engine, adapted fior 
screw prftjp gnlgi nn bj McssTS. Scott and Co. of Greenock. The drawing 
shows a transverse section of the ship, showing the engines in complete 
external front elevation. The cylinders are fifty-two inches diameter, and 
three feet nine inches stroke, placed diagonally atliwart the ship, and at 
right angles to each other ; whilst the piston-rods project through the lower 
covers, to allow of long retuni connecting-rods. Each cylinder has two 
piston-rods, for greater steadiness, tlieir outer ends in each case being keyed 
into a cross-head fitted at each end with slide-blocks, for working in a pair 
of inclined open guide-frames bolted to the IwtUim cylinder-cover, and sup- 
ported beneath by projecting bracket- pieces, recessed and bolted down 
upon pedestal pieces on the engine sole-plate. From each end of this 
cross -head, immediately outside the guide- frame, a plain straight connect- 
ing-rod of roimd »t*etion passes up, to actuate the nmin first-motion shaft. 
The upper ends of these connecting-rods ar(‘ jointtnl to side-studs, or crank- 
pins, iWit in two op|K)site arms of a piur of large spur-wluHils, which give 
motion to the screw- shaft by means of a pair of corre8j>onding spur- 
piiitons, fast on the shaft l)eneath a single pin in each wheel, answering 
for the two opposite conneoting-ro<ls on the same side of the engine. The 
main 8pur-wht*c?ls are t^leven feet five and a half indies diameter, with one 
hundred and eight Uvth of four-incli piteh, and fourteen inches in breadtli 
on the face. They are keyi d on Uie extremities of a common shaft, which 
is conveniently placed in the angular space formed by the two ends of the 
inverted steam-cylinders, Wing carriijd in a pair of pedestals cast with 
angular bracket- pieces to Wit down upon the cylinders. 

The whe<ils are eijually cornj»actly placed, one on each side the cylin- 
ders and the general mass of machinery, and just filling up the space inside 
the connecting-rods. The jdnions on the screw-shuft are four feet six 
inches diameter, so that the ratio betww'n the screw and the engine's rate 
is two and a half to one. By this arrangement each )*iston is directly 
coupled to Vioth of the large, w hends, and the inen^ased length of the cross- 
heads which the plan involves is co\interbaIiince<l by Uic efl’ect of the double 
piston-rods; for by this division of the pressure the cross-strain leverage is 
proportionately diniinislied. The system of duplex gearing also insures a 
good, substantial, and well-lialanced connection of the first-motion shaft with 
tlie screw-shaft. The air-pumjni are Wth situatetl on one side of the 
engin^ and are workcnl from the connecting-rod stud of the spur-wheel on 
that side, the pump cylinders Wdng Wlted at their lower ends by their 
foot-bnmehes to the sole- plate, whilst their upper ends are connected toge- 
ther by a couple of arcbed cross-pieces. They are thus well Wlted together, 
and to the main framing, their intermediate connecting brackets answering 
to carry their stud centres of a pair of Wnt levers for working the bilge 
and feed-pumps. The whole of the pumps are constructed on the trunk 
principle, of which class Mr. Humphries* engines, of the Dmiford, are so 
well known as the earltest type. As the throw of the main driving-studs 
would be too great for the purposes of the air-pumps, it is very ingeni* 
omdj reduced by means of an eccentric set upon the stud, so as to bfiw 
tike real centre nearer to the centre nne of the first mofikm-ihl^ 

One of the eonneettsf-roda for working the pnmp is formed in one 
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wilk tbe eocentric ring, and other is jointed to the ring on the cfpoeite^ 
nde; both rods descending to joint ^es on the nj^ier en^ of links which 
w ogaia connected by bottom joints, in the recesses of the plunger-trunks' 
of the pumps. The same intermediate joints of the lower ends ^ the con- 
necting-rods also afford the means of connection with the upper ends of the 
bent levers of the bilge and feed-pumps, which levers serve the purpose of 
radius-bars for the air-pump ro^. The links for working the plunger- 
trunks of the bilge and feed-pumps are jointed nearly at the middle of the 
bent levers, so as to give the required short stroke, the pumps themselves 
being set vertically, one on each side the screw-shaff, on the sole- plate. 
The cylinder-valves are combinations of the four-ported class, so success- 
fully introduced on the Clyde by Mr. Thomas Wingate, and the equilibrium- 
valve. With this arrangement, the engines are handled with very great 
facility, and a very free exhaust is obtained. They are actuated by a pair 
of eccentrics on the main first-motion shaft, rods from which pass upwards 
to short levers on a pair of parallel rocking-shafls, working in end-bearings 
overhead. These barings are carried upon a pair of parallel arched fVame- 
pieces, stretching across l>etween the two valve-chests, so that they thus 
bind the upper ends of the cylinders. The rocking-shafts are cranked at 
their centres, and have short connecting-rods jointed on to the crank-pins, 
and extending right and left to their respective valve-spindles. The steam 
enters the valve-chests on each side, through the elbow-branches, opening 
into stop or expansion valve-chests at the lower comers of the valve-casings, 
and the exhaust steam passes off to the condenser by passages round both 
sides of the cylinders. The condenser is entirely within the engine, beneath 
the cylinders ; it answers, indeed, as the 8Up|>orting pedestal for the cylin- 
ders, which ore bolted down upon it. 

Of engines adapted to drive the 8crew-pro}ieller direct, without the 
intervention of gearing, recently introducefi, the “ trunk -engine,’* by Messrs. 
Penn, of Greenwich, is most remarkable ; it is coming fkst into general 
use. In this form of engine, the direct connection l)etween the piston and 
crank obtainable by the oscillating engine is obtained without the incon- 
veniences arising from the vibration of the cylinder. To the piston a hol- 
low trunk or tube is attached; this passes through the cylinder-cover; 
between them a packing is interposed, to prevent any leakage between the 
trunk and the cover; the trunk is of such length as to project beyond the 
cylinder-cover when Uie piston is at the bottom of the cylinder. The trunk 
is of considerable dimensions; the connecting-rod is connected by a move- 
able joint to tlie piston, and its other end to the crank-pin ; as the piston 
moves backwards and forwards, the connecting-rod vibrates withm the 
trunk, and tlius the direct action is obtained by very simple means. The 
trunk is on both sides of the piston, or, in other wor^, the piston is plaoed 
midway in Uie trunk, the connecting-rod being connected with that side of 
tlm piston nearest the crank. In tliis class of engines the cylinders ore 
horisontal and plaoed side by side; the air-pumps are also horizontal; the 
groat aim being to have all the machinery as low as possible beneath the 
water-line, a most importani point in vessels of war. Both ends of the 
trunk pass through stuffing-boxes in the cylinder-cover; by this amnge- 
fnent tm pressure of the steam-side is prevented from prepocidesatiiig over 
Ikeother. In fig. 17t we give a diagiw illtisirative the «i|»ngeiiMat 
oftibetmnk-engina Let o a be the piston, H the trunk cii the 
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on liie ffrpoidte side ; ds the connecting-rod^ joined at one eiid d 
to iibe piitony and at the other e to the crank on t^ propeller'* shall ; 
/and f diow the vibratiim of the connecting-rod in varicms points of the 
refohilion of the crank. B7 this arrangement of piston and crank, it will 



be obeerred that the steam does not pitiss on the whole surface of the pis- 
ton, but omly in the annular ring a a, between the outside of the trunk dp 
fig. 178, and the interior of the cylinder in which the piston moves. 

Governors are usually applied to screw-engines in vessels of light 
draught, in order to regulate the sjmhhI. They are of Uie usual construc- 
tion, although many new schemes have been recently introduced; for 
notices of these we refer the reader to tlie pages c)f*the Artisan, more par* 
ticularly the numbers for 1853. The necessity for a regulator of the speed 
of the screw-engine will l>e obvious, in considering that as the screw is 
Ijplaoed at the extremity of the vessel, as it pitches in a heavy sea, the screw 
would revolve in the air ; and as the load would thus be taken from the 
engine, it would revolve at too great a speed. 

' We must not omit th«^ mention of an entirely new and very good form 
of engine adapted for w'orking the screw-prc)|>clJer, lately desired by Mr. 
John C. Bothams, engineer, of Salisbury, which differs from tlie ordinary 
parine engines in not being a pair of engines of tiic same description, witn 



wB dM worfdBg puts m ds^diea;^ but a oofmbinatioii of two engfa i i i of 
dlH a wttt fam : tW one a an otdix^ oscillating engma, having an oiotl- 
latipf aaotion giv» loll by bony attached to the pialony of Iba p s n^ 
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oogine b, the hollow shiifV c, which conveys steam to, the oscillatiiig 
cjHiider a ; the centre of gravit j of the moving parta^ the pendulous piston 
F, and the oscillating cylinder a being fixed as near as posmble the required 
distance below the point of suspension c, according to the laws of pin- 
ions motion. 

The piston-rods R of the oscillating cylinder a have motion in two 
directbns; a perpendicular motion derived from the cylinder a, and a 
horizontal motion from the pendulous piston p; the result being a circular 
motion to drive the screw-shaft s by means of a single crank. 

Fig, 174 is a side view of the two engines, and fig. 175 a section through 
the pendulous engine b. The steam enters by the pipe E, and passes out 
by the pipes r f f to the condenser. 

Fig. 176 represents an equilibrium surface condenser, and the pump to 



supply it with cold water : the former consists of a case B B sufliciently 
strong to resist the pressure of the atmosphere, and is divided into two 
separate spaces by tlie plates c d; tlirough the upper plate c a number of 
thm metal tul>e8 are passed, and are screwed by their lower ends into the 
plate d; the steam to be condensed is admitted at a into tlie steam-space s, 
and flows among or l^tween tlie tubes, and is condensed by contact with 
the outer surface of the tubes, which are kept cold by a constant supply of 
water flowing over their inside surface, pis a pump to supply the con- 
denser with cold water, which enters the pump at p above the piston, is 
lifted up into the upper part of the condenser w, flows down through the 
tubes into the lower space vr, tlien is drawn into the lower j^lart of the 
pump, and by the down-stroke of the piston is forced out at the opening p. 
No water being admitted to the condenser except when an equal quantity 
is pumped out at the same Ume, the tubes are relieved of the pressure 
the atmosphere on their inside surface. The condensed steam flowing down 
the tubes on to the lower plates d, flows into the space h, and is pumped 

by the fred-pump into the boiler. 

In order to i^eve the tubes from all inequality of pressure on their in- 
tm and outer aurfaoes, a pipe leading ttom me upper water-spsne w^ 
downintotheroservofrB^atmbottan octhe stesni<«paoe8|acia as atinp 
Am vvalsr in s derived frw ^ oondoiaed steam bei^g ahm the bottom 
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of Hie pipe k, prevents a commauication between tlio water- space ww and 
the steam-space as long as those spaces are in eqnilibi ium, or nearl;^ so. 

The tubes, therefore, being relieved of the atmospheric pressure, are 
only employed to separate the steam from the salt water used ibr condensing, 
and need not be formed of metal of a greater thick- 
ness than 11b. weight per square foot, and can also 
be of any form, corrugated as in fig. 177, to diminish 
the number of tubes and joints, the amount of sur- 
face btung the Sfune. 

The, diinner the metal which can be tised, tlie 
less the amount of surface required to condense a given quantity of steam. 
The pressures on the upi>er and under sides of the piston being always 
equal, the pump can l>e worked by a small amount of power, in the case 
of large marine engines, by the auxiliary ei\gine used to fill tlie boilers. 

The use of brine-pumps, refrigerator, salinorneter, c<tc., is dispensed 
with, and also the waste of alK)ut one* fourth of the whole quantity of feed- 
water supplied to the boiler, after being raistnl to the boiling point, whereby 
a considerable saving of fuel is effected ; and it must be borne in mind 
that for every ton of fuel siived a ton of freightage is gained. 

This invention must ultimately prove of great value ; and in bringing 
it to the notice of engineers, wo am thereby rendering them good service. 



fig. 177. 


THE END. 




Hotnp »t wmmm, Ltvmr, mo rsAJittrx, 
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TSfi SmIm of Sduaitton^ Workt it latondoA to tttpply, at tlie ehc^pett pottilite nto, bookt tdiqi<ikt tn 
and Fritate Study. The <dd tytioin of initruetion, by wliicb th« namot of tblngi only woioj^ 

r iod to At mind of tb» pupil, bat been long admitted to have been troperfect and unanoeea^l. w ttli 
young tt it necessary to speak to the eye as well at the intiid,->to give a pirture of an oto|eet at weU at 
a dtmption; and the adoption of such a plan of tuititm la not only ty far the most elective, but alto fiur 
)ttt Ifluome to the teacher, and more pleaaant to the pupil. The gimt tucceta which has attraded the 
works published in this Bcries— above one-eighth of a million eopiea of one work alone (the SpeOlng-Book) 
haring been sold— is proof that such a claM of works is required. 

Illustrated London Spelling-Book; illustrated by upwards of One 

Hundred and Seventy beautiful Woodcuts !of Objects and Scenes described ; torming by fkr the mott 
alluring Introduction to Learning ever published. 144 pages, cloth, Is.; with coloured plates, 2*, Two 
Httodredtli Thousand. 

The Illustrated London Reading-Book ; containing a Series of Lessons 

on the most amusing and instructive tui)JectM, selected with great care ftom the best English Authors fat 
prose and verse. The whole beautifully illustrated with above Two Hundred and Fifty Engrarlngs.. 
Cloth, it. Fifty-first Thousand. 

The ninstrated London Instructor ; being a Companion to the Reading- 

Book : consisting of Extracts from English Classical Authors, from the earliest periods of EMlish Lite- 
rature to the present day. With One Hundred and Twenty fine Engravings. Cloth, iU. Thirty-firtt 
Thousand. 

** These three publications, eminently attractive and deservedly popular, embrace the rudiments of a 
useful and even liberal education, as far as English literature la concern^ ; and tf In early youth the 
learner progresses not beyond the mastery of these volumes, he will at least have laid a tolia foundation 
for the elalmrate superstructure of science and art to be erected in after-life.'*— IFeekfy Timer. 

A new and greatly improved Elementary Grammar of the English 

Language. By g. Ellason. Uniform with the *' Illustrated London Bpelliog-Book.** Strongly bound in 
cloth, le. 

First Lessons in Arithmeti(}| on a New Plan, By Hugo Reid, lute 

Principal of the People's College, Nottingham, and Author of numerous Educational Works. Demy 8vo, 
cloth it. 

** The book is capitally adapted for the use of schools and for private tuition ; and is remarkable for 
the beauty of its typography.’’— hcrAy Mercury. 

The Illustrated London Geography. By Joseph Gut, Jun., of Magdalen 

Hall, O&ford, Author of numerous popular Educational Works. Demy 8vo, with about One Hundred 
Engravings of Cities, Customs, and Wonders of the World, &c. The Drawings are made with ft^st care 
from truthful sources. Nine Maps have been engraved by a patent process expressly for this Work, and 
are corrected to the present period. Cloth, 2t. \ coloured IMates, 3jr. Second Edition. 

“The Oovemment press has produced no such elementary works as tl»ose of Ingram and Co.— no 
aueh Spelling-books, Keading-books, and treatises on Geography, Optics, and Astronomy.’*— If onsjag Ad- 
esrHsrr, Sept. Stt, 1853. 

The Illustrated London Astronomy, for the Use of Schools and Students. 

By J. R. Hind, F.R.AS. (of Mr. Bishop's Observatory', Regent's Park). With numerous Ulustrative 
Dmwinn and Diagrams. Demy 8vo, cloth, 2s. 

'* Mr. Hind has certainly managed to simplify his sublime subject, and give a great amount of infor- 
mation in a few words. ’’—AW Journal. 

Elements of Natural Philosophy (double volume). By Jabez Hogg, 

N.R.C.S. Illustrated by upwards of 300 Woodcuts. Deray 8vo, cloth, 4s. 

** It is completed in a style exceedingly creditable both to its editor and publishers; and we know of 
no wwk we can so strongly recommendas an interesting and useful Introduction to the physical tdances.” 
—Ifssftcaf Timet oa ‘ " 

The ninstrated London Arohitectnial, Enginenin;, and Heehanieal 

Drawing-Book. By R. S. Bitaa, With numerous Engravings. Demy Svo, cloth, Ss. 

** This book should be given tm every youth, for amusement as well u for iostnudion.”— T wwiiIms 
JemrntU. 


Blectrio Sdenoe : its' History, Phenomena, and Applieationa. By F. 

# BaiUIWxi. 1, Author of Evidences of Chiistlantty," Ac. Copiously illustrated. Xkmj Svo, ckih. Is. 

” So much aueatlon is drawn to this suhlect ; its powers, though coeval with the cfreatlon. have been 
only to recently applied to faeillute communication : and we look to It so confidently for Ikrtlisg asaiat- 
ane^— that there u no comiwodlum of recent date of such value to ourselves or to our ehUdjnm; the ex- 
pla natton a ere alnguUrly clear, even to the non-scicntific ; ud the volume, deaUng as tt doaa in Mieadbt 
of foets, p o s i em e all the interest of a novel.**— Art Jomrnat. 


CMogf fyr Sohoola and Students; or, Former Worlds, their Structure, 

Conditlan, and Inhabitsmts. By F. C. Bauwiu., Author of ** Eleettk Setenoe,” foe,, with <e # w » Htoa- 
tratieni. Frko Is., cloth gUi. 


The Hlnstrsted Piaetieal Oflometry. By the Editor of" llMlllaitrated 

den Divwlarlfodh.** Dewy Ivo, cloth, ts. (foeee^ Ididon.) ^ 

** tttW tow yewQtftU mind, ai^ celtmtated to asrttt I i^iDedwtt fo wttfoTnhOyfMd 49*' 
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The Tint Six Bodke of Ewdid, with aamenaa Ezerdaee. Printed on 

B H«W Fum, with «oeiiv«te)y •xeeuted DUgrarat. Oetny Brot cloth, t«. 

Ill* prooent work, cmbradog the First Six Books of the Elements of Eudid, or, la other words, the 
(hoadatlasi of Pimie Oeometry, is iatended as a companion volume to that issued with tt on Praotii^ ONkt* 
metry, the one emhradnf the theory, the other the application. 

Maehaniofl and MaolianisinL Edited by Kobeet Scott Buen. With 

about Illustrations. Demy 8vo, eloth, 3s. (Second Edition.) 

One of the best^mnsidered and most Judieiousiy. illustrated elementarv treatises on Meehanies and 
liechanism which we have met with. The illustrations, diagrams, and explanations, are aktlfuUy intro- 
duced, and happily apposite ; numerous, and beautifViUy executed. As a hand-book IW the Instruction of 
youth, It wnuld’^ dlAcult to surpass It.”— Derhy Jfrrcery. 

The niustrated London Drawing-Book: comprising n Ck>mplete Intro- 
duction to Drawing and Perspective ; with insiructiom* for Etching on CopjH'r or Steel, dtc. &c. Illustrated 
with above Three Hundred Subjects tor Study In every brsnch of Art, By liusaaT Scott Bttair. Demy 
Svo, eloth, Is. (Second Edition.) 

** Here is a work which has long been a desideratum with the English people. It is Ute oompletest 
thing ^ the kind which has ever appeared.”— Taif's Maffuzint. 

The Microeoope: its History, Constmction, and Apjtlicntions. Being a 

fsmUiar Introduction to the Use of the Instrument, and the Study of Microsiv^plcal Science, lliustratod 
by upwards of Five Hundred Drawings of ObJecU. By Jabks Hoo«, M.U.C.S. Icc. Treble Vidume, 
price 6«. 

*‘lt was time that a treatise containing a popular account of the principles and oonstruetkm of the 
Instrument and Its modes of application should appear. This has been well tione lo the work before us. 
The profuseness of the Illustrations sdds considerably to the ability ot the work, which mav Ins considered 
a compete compendium of the history, constiuctioii, and lues of the Microscope.” — Nnrt. 

Chemical Analysis for the Young; Innng a Series of Progressive Lessons 

niustratlve of the Properties of common Chemical .'^uiiatatKes. and of the means of sc]mratlng them from 
each other. By J. Srowtas. M.B. Cloth, gilt, price 2*. 

The Decimal System, in NumlxTs, (’oins, and Aocomits, esjwcially with 

the view to the DeclraalUatlon of the Currency and AmmntAncy of the United Kingdom. By Sir Juum 
B owaiao, LL.I)., her Britannic Mnjc*ty % Plenipotentiary In China. With Portraits of Dr. Bowrlng, Hlr 
Jdbn llerschel. Professor De Murgnn, Prnfcs»nr Aircy. the Iv.in of Ely, Mr, Haiikey. M l’., Mr. Brown, 
JtLP., and accurate Engravings of One Hundred and Twenty Coins, Ancient and Modern. Price Two 
Fwilis (Four Shillings). 

Webster’s Dictionary of the English Language; cxhihitiiig the Origin, 

Orthography, Pronunciation, ami Dctinlthm of Words; comprising nUo a Synopsis of Words variously 
pronounc^ by difleretitOrthtH'pUls, and Walker's Key to the tMassical Pronimrlnln>n of (Jreek, Entlu, arid 
Scripture Proper Names. A New Edition, revised and enlarged, by C. A. Oounairtf, Professor in Yale 
CoB^o. Witn the addition of a Vocnbulary of Modern (leographical Names, and their Pronunciation. 
The new Words that have lM*en added amount to several thou-ands, and the Dictionary now contaltta 
27,000 Wards more than " TtMid's Edition of J'ahn*‘on,” The Work is handsomely printed upon a fine 
paper, In a clear readable type. In double coltitnus. IloyaJ 8vo, 120,') pages, extra cloth, Khi. t strongly 
bound in russia, marbled edges, W. t*. : dit’o, ditto, half russla, marbled edges, II . ; ditto, ditto, calf gilt, 
ditto, If.; ditto, ditto, half caif, Dts. Ffjth KdUiun. 

W’e can have no hesitation in giviiuif It as our decided opinion, that this Is the roost elaliorate and 
•uecessfui undertaking of the kind which has ever appeared." - Time*. 

“The present etlltion is in a handsome {jortable form-' imperial octavo; It is clearly and coiteefly 
printed, upon moderately thick pajier; and it is sold at a price proportioned rsUier to the wants of the 
poblic than to its intrinsic post— so cheap is tt, compared with other similar publications.”— flAisretr. 

“ Best Dictionary of the English language.”— CAroairfe. 

Handbook of Foliage and Foreground Plants. (iEoiuii: lUnsAitn, 

Autborof” Sketches of Switxeriaud,*' “ Drawing-Ukjok of Tiers.” Ac. Post hvn, cloth, 6s. 

Thia book b completely Ulustratrd with Slaty progressive Pla’es, filled with various studies of Dm best 
atyle of llthofraphy, and will be found peculiarly valuable as a text-book for Ktudenu. 

Jobn Barnett’s New Edition of Wade’s Handbook to the Pianofinte: 

comprising an easy Rodlmcnral Intmrluctlnn to the Study of that Instruniiuit, and Music in general; tha 
An of Flnfertng accmrtfng to the Modes of the best Masters, exemplified In vArJous Exerclsss, Beales, Ae,, 
In aB the Ma^ and Mkw Keys; and lnters]>ers«d by lielaxatlons frrm) Ktudy, consisting of Po|Kttar 
Melodies and Roroasreet, and fleleotlons from the Pisnororte f'omtiosltions of the rooft retebrated Mast^l 
also a short aad easy introduction to Harmony or Counterpoint, and a new Vocabulary of Ttnot. tkmjr 
neatly bound in eloth, with Eogravlogs arod Diagrams. Price 6s. 

The XUoftiftted New Testament (Authorbed Version); witli upwsnb of 

One Hundesd and Twenty Eogravlnfs, bmuttifully Umod In cloth, embossed and gill sidos, gilt adgaa. 
The lllttstiatkNM am Drom Drawings executed by eminent ArtifU expressly tor this Edltlooi with Rotaa 
hlstorteal, oaplanatory, and doseriptfve ; and cmteilished by a novel Panoramic Plcturt of tha Eofy UmL 
aadaTifWtfEoimf Egypt. 4to, eloth gilt, da. 
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